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Progress in Artillery Development—1l4-Inch Railway Mount 
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SUMMARY OF INFORMATION 








Fourth Annual Meeting of the 
Army Ordnance Association 


The American Society of Mechanical Engineers and Society of Auto- 
motve Engineers, participating 


At Aberdeen Proving Ground, Maryland, Friday, October 6, 1922 
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TRAIN SERVICE 
The following schedule is approximate and subject to change without notice. Members 
should verify actual train times after October Ist. The trains as numbered will stop at Aberdeen 
on October 6th, whether or not scheduled to do so, and the times will not be far different from 


those given below: 


Via B. & O. RL R. Via Penn. R. R. 
Going South Train No. Time Train No. Time 
Leave Philadelphia = 21 8:00 AM. 105 7:20 AM. 
24th & Chestnut (Broad Street 
Arrive Aberdeen 7 F 21 9:26 AM. 405 9:06 AM. 
Going North 
Leave Washington : } 7:15 AM. 110 7:25 aM. 
Leave Baltimore — " } 8:12 am. 110 8:25 am. 
(Mount Royal (Union 
Arrive Aberdeen i 8:51 AM. 110 9:03 aM. 
RETURNING 
Going North 
Leave Aberdeen 20) 9:05 PM. 134 9:00 PM. 
Arrive Philadelphia 20 10:40 PM. 134 10:00 pM. 
Going South 
Leave Aberdeen a 9 8:20 pM. 13] 9:15 PM. 
Arrive Baltimore . i) 9:03 PM. 13] 10:30 PM. 
Arrive Washington ij ; 1) 10:00 pM. 13] 11:25 pM. 


All the above trains (except No. 20 B. & O.) carry chair cars. All the morning trains earry diners. 

A special train of Pullman Sleeping Cars will leave the Pennsylvania Station, New York City, at 2:30 a. m. 
October 6th. It will be open to passengers at 10:00 p. m. October 5th and will run direct to Aberdeen. It will 
leave Aberdeen about 8:00 p. m. October 6th and arrive in New York about midnight. The fare on this train 
will be about $18.00, including a sleeping berth one way and chair return. Reservations for this train can be se 
cured by addressing Mr. Ernest Hartford, Asst. Secy., A. S. M. E., 29 West 39th Street, New York. Telephone, 
Longacre 7100, Extension 52 or 56. 

A special Proving Ground train will be at the Pennsylvania Station in Aberdeen for the purpose of taking 
members to the Proving Ground. Members arriving on the B. & QO. trains will walk (about five minutes due 


east) to the Pennsylvania Station, from which the Proving Ground train will leave 15 minutes after arrival of 


connecting trains. 


Immediately upon completion of the program at 7:30 p. m., the special Proving Ground train will leave 
the Maint Front, stopping at the Visitor’s House for the purpose of taking the party to Aberdeen to catch the 


trains going north and south. 


Baggage may be checked in the baggage car attached to the Proving Ground train at the Pennsylvania Station in 
Aberdeen or in the Proving Ground baggage truck at the B. & O. Station in Aberdeen. The baggage car will re 
main attached to the Proving Ground train in the morning and between the hours of 1:30 p. m. and 7:00 p. m. will 
be found at the Post Exchange within the Proving Grounds. Baggage may be secured from the car at any time upon 
presentation of checks. The ear will be attached to the train leaving the Proving Ground for Aberdeen at 7:30 
p.m. All baggage should be secured by owners before leaving train at Aberdeen. There will be no distribution of 
baggage at the B. & O. Station. 

An Information Booth will be maintained at the Post Exchange within the Proving Ground. Representatives of 
the Proving Ground will be at the B. & O. and Pennsylvania stations at Aberdeen throughout the day and will supply in 


formation when requested. 








PARTIAL PROGRAM (Tentative) 


(A Complete Program, with full data concerning material under test, will be furnished each member on 
arrival at the Proving Grounds.) 

FIRING 12-INCH HOWITZER RAILWAY MOUNT. 

FIRING 14-INCH GUN RAILWAY MOUNT. 

The 50-caliber, 14-inch gun on railway mount has been completed recently at the Watertown Arsenal and rep- 
resents the most powerful railway matériel in existence. 

FIRING 16-INCH GUN OR 16-INCH HOWITZER AT HIGH ELEVATION USING SOLENOID CHRONO- 
GRAPH. 

By firing the projectile through successive solenoids, its velocity is measured without the necessity of making up 
a new velocity screen before each round. 

EXHIBIT OF ARMOR-PIERCING PROJECTILES AND OF ARMOR PLATE THROUGH WHICH PROJEC- 
TILES HAVE BEEN FIRED. 

DROPPING 600-LB. BOMBS IN WATER FROM AIRPLANES. 

To illustrate the difference in action between instantaneous and delay action fuzes. 

DEMONSTRATION OF MACHINE GUN BARRAGE. 

Using rifle phosphorous grenades. 

EXHIBITION OF A DIRIGIBLE BALLOON, OF VARIOUS TYPES OF AIRPLANES AND OF 
DROP BOMBS. 

DEMONSTRATION OF MACHINE GUN FIRING FROM A DH4B AIRPLANE. 

Demonstration will be made first with plane on ground so that details may be seen. Then from plane in air. 
Ammunition used will contain about 20 per cent tracer bullets. 

EXHIBIT OF LARGE NUMBER OF TYPES OF MOBILE ARTILLERY MATERIEL. 

FIRING 5 ROUNDS OF 37-MM. HIGH EXPLOSIVE SUPER-SENSITIVE FUZES AGAINST 2 LAYERS OF 
AIRPLANE LINEN 4 INCHES APART. 

FIRING 5 ROUNDS FROM THE 3-INCH ANTI-AIRCRAFT GUN ON TRAILER MOUNT AND 5 ROUNDS 
FROM THE 4.7-INCH ANTI-AIRCRAFT GUN ON CHRISTIE MOUNT, USING A NEW TYPE OF 
MECHANICAL (CLOCKWORK) FUZE. 

FIRING FROM A MOVING TANK AGAINST ANOTHER TANK. 

EXHIBIT OF LATEST TYPES OF SMALL ARMS AND MACHINE GUNS AND THEIR AMMUNITION. 

Machine guns of various calibers will be fired with ordinary ammunition, armor-piereing ammuuntion and bursts 
of tracer ammunition. Firings of the .30 caliber and of the 11-mm. guns will be made against free toy balloons. 
The .50 caliber gun will be fired against a tank or tank armor target. 

A 2,000-lb. bomb will be dropped for function test on the ground from an altitude of 8,000 feet. Two 600-lb. 
bombs will be dropped for comparison of action of instantaneous and delay action fuzes on the ground. 

EXHIBIT OF SELF-PROPELLED MOUNTS, TANKS AND TRACTORS 

Ineluding four Ordnance Department types and the Christie self-propelled mounts, Ordnance Department, Holt, 
Best, Pavesi, Fordson, ete. Tractors, the Medium “A” Tank, the Mark VIII Tank with stroboscope, and a 
radio-directed Whippet Tank. 

NIGHT FIRINGS. 

There will be a demonstration of flashless powder, tracer ammunition and military pyrotechnies. 

Due to the limited accommodations at the Proving Ground, it will be impracticable to permit 
ladies to witness the firings. No exceptions to this rule can be made—either on behalf of resi- 
dents upon the reservation or visitors. 














Unless you mail this request for reservation of luncheon and dinner direct to the Proving Ground by Monday, Oc- 
tober 2, 1922, no guarantee can be made that meals will be available for you. Since all food must be shipped in from 





Baltimore by the caterer it will be impossible to refund money for meals once ordered. 
THE COMMANDING OFFICER, Aberdeen Proving Ground, Maryland. 

I desire to attend the fourth annual meeting of the Army Ordnance Association to be held at the Proving 
Ground on Friday, October 6, 1922, and request that you reserve luncheon and dinner for me on that day. I am 
enclosing my check for Three Dollars ($3.00) drawn to your order. 

Please send identification badge and meal tickets to me at 


Member, Army Ordnance Association. 
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War-time Procurement and Issue of 
Munitions 


By 


C. C. WILLIAMS 


Chief of Ordnance, U. S. Army 
Member A.O. A 
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N the last number of Army ORDNANCE, the General 
Ordnance Problem was discussed and the general 
solution the Ordnance Department is striving to 
achieve was indicated. It is the purpose of this 
article to outline the Ordnance Department’s scheme 
for handling war-time 
procurement and issue of 
munitions. The subject 
naturally divides itself 
into (1) Procurement and 
( IT) Tssue. 
I. PROCUREMENT. 
War-time procurement 
will be discussed under 
the three headings of Pro 
curement Program, Meth- 
ods of Procurement, and 


Control of Procurement. 


{ ] ) Prov urement 


Program. 


The basis of war-time 
procurement is a program 
which shows the quantities of the various articles to 
be obtained and rates at which they are to be de- 
livered. Without such a program, no intelligent or 
comprehensive move can be made. Such a program 
can only be formulated and put in effect after there 
have been prepared and considered an estimate of re- 
quirements, a statement of stocks, and an estimate of 
production capacity and costs thereof, and also after 
funds or contract authorizations have been made 
available to the procuring agency. 


(a) Estimate of Requirements— 


This is dependent upon the military policy and the 
war plans of the Government, and requires that the 
amounts outlined therein, when made available to the 
troops at the point of consumption, be sufficient to 
properly supply the armies. 

Such an estimate should be approved by our highest 
military authority. It should not include details but 


should outline the forees to be employed, the arma 





4.7-inch Gun Caissons 


ment of the forces, and the rate of consumption of 

munitions, such as guns, ammunition, bombs, ete. In 

other words, this estimate should give the necessary 

basic data so that a sufficiently detailed table of re- 

quirements can be prepared by the Ordnance Depart- 
ment. 





(b) Statement of Stocks 
and Estimate of Pro- 
duction Capacity and 
(C'osts— 

A program which can 


not be fully met is only 





useful to. the extent to 
which it can be met. The 
army can not shoot paper 
programs, but only pro- 
duced programs. It is 
therefore necessary that 
the Ordnance Department 
have available a statement 
of the stocks on hand and 
an estimate of the produe- 
tion capacity of the coun- 
try, together with the costs of obtaining these ma- 
terials. The production estimate must start in with 
raw materials and cover the field of intermediates, 
finished articles, the assembly of finished articles into 
issue units, and the delivery of the issue units to the 
point of consumption. The combination of stocks on 
hand and estimate of production will determine the 
ability of the country to meet the estimates of re- 
quirements of the.War Department, and will tell the 
superior military authorities the extent to which their 


military plans ean be supported by munitions. 


(c) Availability of Funds or Contract Authoriza- 
tions- 

Before the final program is approved and issued 
for procurement, it is necessary that the authority 
exist for the purchase of the material outlined therein. 
This requires especially that funds or contract au- 
thorizations be granted by Congress. It is for this 


‘euson that the costs should be added to the estimate 
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Steel Cradle Casting for Major Caliber Gun 


of production outlined in the preceding paragraph, as 
the proper superior authorities can then estimate the 
cost of the program which they expect to pursue and 
take the necessary steps to obtain the funds. 


(d) Procurement Program— 

After consideration of the three arguments outlined 
above, the procurement program can be decided upon 
and made the official objective of the agency which is 
to obtain the material outlined therein. 

It is felt that one of the serious mistakes of the 
World War was the failure of the proper War De- 
partment authorities to formulate a definite program 
of requirements whieh tied in with military plans of 


the Government. 

















Cradle for Major Caliber Gun 
In Process of Manufacture at Watertown Arsenal 


(2?) 


Methods of Procurement. 
Procurement is subdivided into design, purchase 
and production, inspection, proof, and payments. 

(a) Design— 


The approval of design must rest with the Wasf- 


ington office which is alone able to coordinate this 
most important function with the various interests in- 
volved; namely, the War Department, the users, and 
the manufacturers. It is of basic importance that the 
Washington office have available at all times a com- 
plete set of the specifications under which war mate- 
rial is to be purchased. These specifications should 
define material which is not only satisfactory to the 
user as proven by service tests, but which is also 
capable of quantity manufacture as proven by pro- 
duction of a reasonable quantity under manufactur- 
ing conditions. It is very important as far as prac- 
ticable to have designs completed in time of peace and 
to be available for distribution immediately upon out 
break of war. 
(b) Purchase and Production 

When war is upon us, the all-important thing is to 
start the country producing materials which we need 
for the waging of war. In other words, time is essen- 
tial, and the matter of the cost of production in dol- 


Tl 
ite 


labor might 


lars and cents is of secondary importance. eCO- 


nomical utilization of materials and be 
very important, however, in case a shortage thereof 
should develop. Production should, therefore, be 


started as soon as possible by placing orders with 
arsenals to the extent of their capacity and by utiliz 
ing such agencies as at present exist to make contracts 
with commerecial companies for the placing of their 
available capacity in production as well as for modifi- 
cation of their facilities to the maximum, and for the 
creation of new facilities. The type of contraet for 
securing such results should have been developed at 
the start of war. The general limits of the remunera- 
that 


have been determined. 


tion should be paid for the work should also 
As already stated, it is not 
believed that it is a wise policy to restrict prices at 
too low a figure as this limits the ability to place con- 
tracts and consequently reduces the production that 


is obtained. 




















WAR-TIME MUNITIONS 


As examples, procurement of powder and explo- 
sives would be started by ealling together either in 
Washington or at Picatinny Arsenal (which arsenal 
has charge of these materials) representatives of the 
arsenal and companies which are known to be able to 
produce these materials. The quantities to be ob- 
tained would be explained to the representatives, and 
the work allocated in accordance with their estimated 
capacities and their abilities to increase such capa- 
cities. Procurement of cannon would be started in 
conjunction with Watervliet Arsenal, small arms am- 
munition with Frankford Arsenal, ete. 

It is the ultimate plan of the Ordnance Office to 
decentralize procurement from the Washington office 
so that it is eventually centralized in various district 
offices located in the important industrial centers of 
the country. It is hoped to be able to keep these dis- 
tricts manned during peace time so that they will at 
least have a start in their preparation to take over 
the complete task that will be assigned them. It is also 
planned to have them assist the Ordnance Department 
in time of peace to make the industrial survey that 
is necessary to tell the Ordnance Department where 
munitions work can .be most satisfactorily placed, and 
the extent to which munitions can be produced. 

It is realized, however, that the district scheme can 
only become dependable at an early date after the 
start of war, provided that each is supplied with a 
well trained and experienced personnel. It is planned, 
therefore, to make the arsenals the training centers 
for such a force. It is also feasible to utilize the arse- 
nals as aids to the district offices until the district 
offices become sufficiently able to take over the work. 
As an example, Picatinny Arsenal is well organized 
and experienced in the work of procurement of am- 
munition and all components thereof including pow- 
der, explosives, shell, fuses, ete. Purchase orders, 
contracts, inspection and payments, therefore, are of 
daily occurrence, and the force thereat is well ae 
quainted with the Government rules and regulations 
voverning sueh activities. In time of war this arsenal 
could, in turn, train additional personnel in the pro- 
curement of ammunition, and such personnel could be 
transferred to the district offices as organized. Spring- 
field Armory would cover small arms in similar man- 
ner; Rock Island Arsenal, mobile artillery carriages 
and recuperators; Watertown Arsenal, heavy artil- 
lery carriages, ete. 

It is not believed that any effort should be made in 
the early days of the war to attempt the control of the 
use of raw and intermediate materials. To control 
raw material requires a well organized force of spe- 
cialists. Such a force will not be in existence. It is 
believed to be much better to allow purchasing de- 
partments of the various producing companies to ob- 
tain their requirements in accordance with usual com- 


In the meantime, the Govern- 


mercial procedure. 
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ment forces will be accumulating the necessary knowl- 
edge and personnel to handle this work in case a short- 
age of material develops. In the meantime also the 
authorities in charge of procurement could assist in 
the most favorable distribution of materials. 














« ifrainivaa of 155-mm. Gun Carriages 


(c) Lnspection 


This should be taken care of by utilizing the pres- 
ent arrangements therefor and expanding them as 
necessary to meet the new tasks which procurement in 
quantity would impose. Each of the important arse- 
nals is at the present time the seat of inspection for 
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a particular group of materials, and at the start of 
war they should be required to inspect such materials 
wherever purchased. As examples, Watervliet Arse- 
nal inspects cannon, Rock Island Arsenal inspects 
mobile carriages and recuperators, Frankford Arsenal 
inspects small arms ammunition, and Picatinny Arse- 
nal inspects artillery ammunition. 

It is the intention of the War Department to keep 
these arsenals constantly producing these various ma- 
terials on a sufficiently large basis to keep alive knowl- 
edge of the art and to teach officers and employees the 
troubles that exist in such activities when they are 
produced on a commercial basis. This scheme would 
continue even in war and would supply excellent 
schools for the training of personnel in inspection. As 
the district offices become mobilized, these arsenals 
would furnish them with necessary inspectors. This 
system will likewise be of great benefit in assisting 
commercial companies to obtain intimate knowledge 
of the manufacture of the various classes of materials 
which are peculiarly military. 


(d) Payments— 

It is very important to have a well developed sys- 
tem for paying eommercial companies for the mate- 
rials which they produce. Money is the life blood of 
the commercial company and it must have prompt and 
accurate payments in order to continue. 

It is to be noted that the above methods of pro- 
curement contemplate the decentralization of procure- 
ment from the Washington office as rapidly as pos- 
sible. This is for the purpose of keeping the Wash- 
ington office as free as possible of the task of nego- 
tiating with contractors and in order that the office 
can more intelligently plan and execute the action 
that must be taken. There is nothing that takes more 
time than negotiation with prospective producers. 


(3) Control of Procurement. 


It is essential that adequate arrangements be made 
for the controlling of procurement after the contracts 
have been let. The Army is only interested in com- 
pleted guns and completed rounds of ammunition. It 





is therefore necessary to keep the components of guns 
and ammunition under manufacture by various com- 
panies in reasonable step with each other. It is of 
little value to get large quantities of smokeless pow- 
der if the shell are not available with which the pow- 
der can be used. Unfortunately this was one of the 
very serious conditions that had developed in this 
country during the World War. Likewise, if the 
Army desires excessive quantities of 75 mm. ammuni- 
tion and reduced quantities of 155 mm. ammunition, 
arrangements should be easily available for changing 
the procurement program. 

Procurement control is dependent upon field prog- 
ress reports, stock records, and a consolidated prog- 


ress report. 


(a) Field Progress Reports— 
These reports are submitted by the inspectors in 
the field through the controlling offices to the Wash- 
ington office where they are consolidated so that the 
general status of the material in question can be ascer- 
tained. They should be submitted at such frequent 
intervals as may be necessary to properly control pro- 
duction and shipments of the completed articles. They 
not only outline the quantities that are accepted and 
under manufacture, but indieate the expected produe- 
tion during certain succeeding intervals of time. 


(b) Stock Records— 


Consolidated records whieh indicate stocks on hand 
and under production together with expected rate 
thereof are vital. During the World War it was very 
difficult to obtain a correct picture of what had been 
or was expected to be produced in many items of 
munitions. Such a condition is intolerable and ar- 
rangements must be made to prevent duplication of 
it in a future war. The Ordnance Department hopes 
to build up a system in time of peace that can be so 
easily expanded in time of war that accurate records 
The consolidated stoek ree 
They will not only 


will be always available. 
ords must be kept in Washington. 
outline to superior authorities the quantities of issue 
articles that are available but will also be the basis for 
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the matching up of the various components so that 
complete issue articles will be obtained. 
(c) Consolidated Progress Reports— 

At least onee a month a consolidated progress re- 
port should be made up covering the raw materials, 
the intermediate materials, and the items of issue that 
are on hand and under purchase, together with prob- 
able rates of delivery. It should also indicate the 
overages and shortages that are occurring with respect 
to the final issue articles. It should contain a sum- 
mary in terms of the number of complete guns of 
various calibers and rounds of ammunition therefor 
that are on hand or are to be delivered within specified 
times. 
of Ordnance to the officials of the War Department 
3ased upon this 


This report should be submitted by the Chief 


who are controlling procurement. 
report effort can be made to increase or decrease pro- 
duction of particular items as the war plans of the 
Government may require. By this system the higher 
officials will know just what munitions preparedness 
they have at all times. 

Conclusions as to War Procurement. 

To be as fully prepared for war-time procurement 
as possible, the following items should be worked out 
and kept up-to-date, and their status should be ascer- 
tained by at least a yearly inspection: 

(a) An estimate of requirements of munitions for 
a probable war. 

(b) A statement of stocks on hand. 

(ec) An estimate of the production capacity of the 
country for munitions together with thé cost of pro- 
ducing the same. 

(d) An approved procurement program. 

(e) A complete set of specifications covering the 
munitions to be purchased. 

(f) Contract forms and price limits. 

Progress report forms. 

(h) Stock record system and method of controlling 

assemblies, 


(1) Consolidated progress report. 


(a) 


Il. WAR-TIME ISSUE OF MUNITIONS. 
After munitions have been procured, the next step 


is to utilize them to the best effect in supplying our 
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fighting forces. This is a very difficult task of tremen- 
dous importance and one that was not properly real- 
ized before the World War. It is to be hoped that 
it will continue to be one of the war problems under 
constant study during the interval before the next 
war and that an efficient scheme and a trained per- 
sonnel will exist for its solution in time of need. 

It is the task of the War Department to regulate 
the flow of munitions to the front. This regulation 
would be based upon the war plans of the field armies, 
the probable new production of munitions, and the 
stocks of munitions available throughout the river of 
supply. 

The flow of guns to the front is similar to that of 
ammunition until such time as they reach the Army in 
the field. At this point guns for replacement are 
placed in the hands of the various Ordnance Repair 
Shops which are charged with the duty of maintain- 
The 


number allotted to each such shop is, of course, very 


ing the artillery matériel of the combat troops. 
limited and depends upon the ealiber. A general re- 
serve is held at a point farther to the rear than the 
location of such shops. When a gun is disabled and 
can not be repaired in position either by the artillery 
or by the proper Ordnance Repair Shop, it is replaced 
by a gun from the stock of the Ordnance Repair Shop. 
If not totally destroyed the damaged gun is taken to 
the rear by the artillery unit and turned over to the 


Ordnance Shop for repair or other disposition. This 
makes the replacement of guns automatic within 
the limit of supply allowed by the various com 


manders as outlined in the diseussion of ammuni- 
tion supply. 

The issues by the shops are made upon satisfactory 
The re- 


stocking of the spare guns in the hands of the Ord- 


evidence that the replacement is necessary. 


nance Shops is passed upon by the General Staff Sup- 
ply Section of the Army. It is at this point that the 
question of priority must be decided. 

The record of number of rounds fired prescribed to 


he kept by each gun is of importance for two reasons: 


One, the ammunition expended is discussed under 
REGULATING , _ ARMY CORFS , DIVISION COMBAT 
P SOUL ATiNY “i KS 1 DUMPS ¢ \ DUMPS - TROOPS 
\ >- . > «= 
—— >'« LINE R SFONE iTY ~ 


f Ammunition Supply 
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ammunition supply. The second is to enable the com- 
manding general to be informed of the remaining life 
in his artillery. 

If a large attack is planned with an artillery prepa- 
ration of several days followed by a period of serious 
fighting, then such guns as are near the end of their 








fcansierring 75-mm. Shrapnel from Fiber to Tin Containers 


probable life must be replaced or at least have a re- 
placement near at hand in reserve. 

Zach Ordnance officer must, therefore, keep a set 
of graphie charts showing the rounds fired by each 
gun in the command to which he belongs, and the 
probable remaining life in each gun. If the artillery 
ean not give exact data on rounds fired, the Ordnance 
officer must obtain approximations. This information 
will be used in planning the allotment of new guns to 
units, especially in attacks. 

Inasmuch as ammunition is the more difficult mate- 
rial to supply, I will endeavor to discuss in more de- 
tail the system which at present applies to it. 

The main subdivisions in ammunition supply are 
General Storage Depots, Army Ammunition Parks, 
Dumps, Division Ammunition 


Corps Ammunition 


Dumps. 


(1) General Storage Depots. 


These might be called concentration points and are 
the large depots at which the products of the factories 
are in general collected. The number and location of 
these general depots is a strategic question. They 
should be reached by standard gauge railway or ships 
and should be as near the battle front as safety and 
availability to the whole battle area permit. The 
peace-time organization of the army permits of some 
general ammunition depots, namely, Ogden Arsenal at 
Ogden, Utah, for the supply of the West Coast ; Savan- 
nah Proving Ground, Savannah, Illinois, for the sup- 
ply of central United States; Raritan Arsenal near 
New York for the northeastern sector, and Curtis Bay 
Storage Depot for the eastern seaboard. 


(2) Army Ammunition Park. 


The second step in this chain of supply would be the 
moving of the ammunition from the general storage de- 


pots to ammunition parks established by the field army. 





The number and location of these army parks would 
be determined by the Army Commander. The control] 
of the kind and quantity of the ammunition in the 
army parks and the rate at which such ammunition 
would flow into these parks is decided by the Army 
Commander. Where of armies 
the supply of ammunition apportioned each army 
group is regulated by the Commanding General of that 
group. Similarly the control of the supply of ammu- 
nition goes back step by step to the War Department 
which will control all field armies; and its action nat- 
urally will be governed by the military situation and 
by the rate of production of ammunition in the factor- 
ies. In the last analysis then, the manufacturing fa- 
cilities of our country and of all countries which may 
assist us in the production is the determining factor of 
the rate of fire permitted at the front. 

In general the army ammunition park is the smallest 
park in which all types of ammunition will be kept. 
From this point on to the troops the stream of ammu- 
nition gradually subdivides so that the type of ammu- 
nition required by the specific combat units is directed 


there is a group 


to those units. 

From the army ammunition park the ammunition is 
shipped on orders issued by the army staff to corps or 
to division ammunition dumps by standard gauge 
railway, narrow gauge railway, or motor transporta- 
tion. These orders will be based upon the tactical 
situation and the state of the ammunition supply. 
Wherever possible the railway should be used to re- 
lieve the congestion of the roads and because of the 
greater facility and speed with which ammunition 
can be moved on railways. The control of the ammu- 
nition in the army ammunition parks rests with the 
Commanding General of the Army. It should be noted 
that the army ammunition park is the last stage in the 
stream of ammunition supply in which the Ordnance 
personnel are employed. From this point forward, line 
troops assume entire control of care and handling. 
The latest War Tables of Organization allot three am- 
munition companies, consisting of six officers and 164 
enlisted men each to each Field Army. It is felt that 
this number will prove entirely inadequate and that in 
future wars as in the past, line troops will have to be 
withdrawn to assist in handling ammunition in the 
army ammunition parks. This is inefficient because 
men trained for one purpose are diverted to another. 
Unfortunately, ammunition is a subject that is neglect- 
ed in peace and attains its true importance only in 
time of war. 

(3) Corps Ammunition Dumps. 


The corps ammunition dumps are handled by the 
staff of the corps commander in the same manner that 
the army staff handles the army ammunition parks. 
The transportation from the corps dump will usually 
be by motor transportation, but rail transportation 


should be used if available. The corps ammunition 
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dumps will be sufficiently near the front to be within 


easy reach of horse-drawn vehicles. 
(4) Division Ammunition Dumps. 


The division ammunition dumps are located and 
controlled by the division commander and are the 
principal points of supply for the trains of the units 
of the division. But these trains will in many cases 
be forced to go back as far as the corps ammunition 
dumps and sometimes even to the army ammunition 
parks. 

Ri port of Board of Officers. 


A board of Ordnanee officers shortly after the Arm 


istice wrote a ‘‘Provisional Manual for Ordnance 
Field Service” which was approved by the War De- 
partment. | feel that this question of ammunition 
supply is of such vital importance that I should quote 
certain paragraphs from that book. These go into de- 
tail but this is a subject, the details of which are little 
known, and which can not be properly visualized ex 


cept by going into details. 


In any war the ammunition supply is vital. The 
ammunition consumption is greater at a point where 
the fighting is intense than at a quiet point of the line. 
It will hardly be possible for an army to provide un- 
limited ammunition to all parts of a battle front. It 
is essential that, at those points where the fighting is 
active, the ammunition supply be adequate. 

These conditions require that the offices which con- 
trol ammunition supply be in close touch with the 
state of ammunition in all the units. To maintain 
this close touch with the ammunition supply situation 
it is essential that frequent and accurate reports be 
rendered by the fighting units to these offices showing 
the quantities of ammunition on hand and the rate at 
which the ammunition is being expended. It will be 
seen that unless these reports are rendered these re- 
sponsible offices will not be in a position to intelli- 
gently handle the ammunition available and conditions 
might easily arise that units would not be adequately 
supplied with ammunition at vital points of the battle 
front, while at the same time units fighting at rela- 
tively unimportant places would have available a sur- 
plus of ammunition. 

In order to accomplish the above purpose it is also 
necessary at times that the responsible’ headquarters 
limit the ammunition expenditure at certain points of 
the battle front. 

The term ‘‘day of fire’’ is used to designate a fixed 
number of rounds of the caliber of cannon in question. 
It is an arbitrary number of rounds. . 

The **day of fire’’ is a convenient and ready means 
of indicating a given amount of ammunition, For 
example, if a regiment of 75 mm. guns has approxi- 
mately two ‘days of fire’’ it has approximately 14,- 
400 rounds. (24 guns and 600 rounds. ) 

Further, the solution of tactical problems is sim- 
plified as the unit of supply is a ‘‘day of fire”’ re- 
gvardless of the caliber. , 

The location of army ammunition parks is deter- 
mined upon by army general staff supply section, in 
consultation with general staff operations section and 
the chief of army artillery. 

When the locations have been determined the neces- 
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Sar'y construction work is done under the chiet engl 
necr of the army; the plan of the park is subject to 
the approval of the army ordnance officer. 

The location of the parks will depend upon the tae 
tical situation and the terrain. If an advance is con- 
templated, the parks should be approximately 12 miles 


from the front lines. If a defensive action is eontem- 














Transferring 155-mm. Powder Charges from Fiber to Stee! Containers 


plated the parks should be farther away from the 
front lines. The exact distances will, of course, vary 
with the nature of the country. 

Army ammunition parks should always be planned 
in pairs so that destruction of one park would not 
leave a sector without a supply of ammunition. 

The size of the parks will depend upon the terrain 
and the tactical situation. 

The amounts of ammunition to be kept at an army 
ammunition park are prescribed by the proper general 
staff section of the army. The amounts should, of 
course, not exceed the capacity of the park. 

The care and handling of ammunition in the army 
ammunition parks is the duty of the Ordnance De- 
partment. The personnel of these parks is furnished 
by the Ordnance Department and is under the control 
of the army ordnance officer. This officer is also re- 
sponsible for the management of the parks, for the 
proper maintenance, and for the supply of personnel 
emploved in the parks. 

In the organization of the office of the general staff 
supply section of an army, there is the munitions see- 
tion that handles the ammunition supply. 

This office receives reports daily that will show the 
status of ammunition in the army. With these re- 
ports as a basis, and with the information as to the 
tactical plans furnished by the operations section of 
the general staff and by the office of the chief of army 
artillery, this section of the supply section, general 
staff, makes the demand upon general staff, general 
headquarters, for ammunition to be furnished the 
army for the following day. This demand is made by 
telephone and confirmed by telegraph. 

The reports received by the supply section. general 
staff, army, cover a period of 24 hours. The particular 
time at which the reports close is determined upon in 
each army. These reports come: First, from the army 
ammunition parks; second, from the corps munitions 
offices. 

The ammunition park reports show ammunition re- 
ceived in the parks, ammunition issued from the parks, 
and the quantities remaining on hand. These reports 
are rendered to the office of the army ordnance offi- 
cer by the parks and from that office are transmitted 
to the supply section, general staff of the army. 

The corps munitions offices telephone daily to the 








nd 


munitions office of the supply section, general staff of 
the army, the expenditure of artillery ammunition for 
the preceding 24 hours. This telephone report should 
be rendered to the army within three hours of the close 
of the daily period. This report is confirmed by tele- 
graph. The corps munitions offices render daily writ- 
ten reports to army general staff, supply section, that, 
in addition to the expenditure previously reported by 
telephone, include the artillery ammunition received 
during the 24-hour period, and the amount of am- 
munition remaining on hand in the corps at the end 
of this period. This report covers ammunition in the 
corps ammunition dumps, credits due the corps in 
army ammunition parks, and ammunition in the hands 
of troops. This written report should be sent by 
courier to army headquarters the day following the 
telephone report. 

Corps munitions offices make daily demands upon 
the supply section, general staff of the army, for the 
amounts and kind of ammunition required by the 
corps for the next 24 hours. This demand is made by 
telephone and confirmed by telegraph. 

The supply section, general staff of the army, passes 
upon these requests and allocates the quantities of the 
various kinds of ammunition to the corps that are 
deemed proper under the circumstances. 

In making allocations the corps munitions offices are 
informed by telephone and telegraph of the amounts 
allotted to the corps and the particular army ammuni- 
tion parks at which these amounts will be drawn. 

The allocations are numbered and the army am- 
munition parks are informed by telegraph and by 
courier of the quantities of ammunition that they are 
authorized to issue upon the order of the respective 
corps munitions offices. 

Normally, allocations are made for complete rounds. 
Due to aceident and wastage, it becomes necessary for 
units to ask for extra fuses, powder charges, ete. If 
granted, these are made as special allocations. 

No time limit is placed upon allocations but, due 
to failure of units to exhaust from the army ammuni- 
tion parks ammunition allotted to them, it becomes 
necessary at intervals to cancel allocations of a cer- 
tainage. ... 

In the organization of the army ordnance office there 
is an ammunition depot section. — 

The central munitions office (of the ammuni- 
tion depot section) is charged with keeping the ree- 
ods of ammunition in the various ammunition parks. 
This office sends out couriers to the army ammunition 
parks to deliver allocations issued by the general staff 
and to collect the daily reports of ammunition parks 
referred to before. 

The central munitions office is responsible for the 
correctness of these reports and for their prompt ren- 
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dition to the general staff. It is also responsible that 
allocations granted by the general staff are promptly 
communicated to the parks concerned. 

The ammunition depot section is charged with the 
proper upkeep of army ammunition parks. That is, 
this section must call upon the chief engineer for the 
construction and maintenance of roads in the parks. 
It must call upon the chief signal officer for the in- 
stallation of the necessary telephones. 

It must obtain and install the necessary camouflag- 
ing to minimize discovery by the enemy. 

The personnel of the army ammunition parks is fur- 
nished by the Ordnance Department. In emergencies 
any troops may be detailed to man these parks, but 
there should always be on hand a sufficient number 
of trained ordnance personnel to insure the proper 
handling, storage and eare of the ammunition, and the 
keeping and rendering of correct reports. 

The commissioned and enlisted personnel of the 
munitions sections of divisiens, corps, and army staffs 
must possess a thorough knowledge of all types of 
ammunition used by the field forces. It is the duty 
of the Ordnance Department to train and be prepared 
to furnish, if called on by the general staff, officers and 
enlisted men for such work. — 

The chief of corps artillery is charged with the 
duty of insuring a supply of ammunition, both artil- 
lery and infantry, within the corps. 

There is on the staff of the chief of corps artillery 
a munitions officer. 

The corps munitions office receives daily by tele- 
phone the reports of artillery expenditure from the di- 
Vision munitions offices and from the corps artillery. 
The reports of expenditure of corps artillery are re- 
ceived through the heavy artillery section of the staff 
of chief of corps artillery. Later the division muni- 
tions offices and the munitions officer of the corps ar- 
tillery units submit written reports which repeat the 
expenditure previously telephoned and also show the 
ammunition received and the ammunition remaining 
on hand. This report covers the same period that is 
covered by the corps’ report to the army. It must 
reach the corps headquarters at such a time as will per- 
mit compliance by the corps munitions offices with the 
requirements of the army covering these daily reports, 

The telephonic reports of the division munitions offi- 
ces are often an estimate and are corrected by the writ- 
ten reports submitted later. 

The corps munitions offices make a daily demand 
upon the munitions office of the army general staff 
supply section for the ammunition required by their 
corps during the next 24 hours. This demand is ordi- 
narily made by telephone at the same time that the 
report of expenditures is made. The demand is con- 
firmed bv telegraph. 
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The corps munitions office is also charged with th 
duty of establishing and maintaining corps ammuni- 
tion dumps. The number of these and their location 
is governed by the tactical situation and the nature of 
the terrain, together with the location and condition 
of the roads and railways. The corps munitions offi- 
eer, under the instruction of the corps artillery com- 
mander, is responsible for the maintenance in the 
corps ammunition dumps of specified amounts of vari- 
ous types of ammunition. 

The commanding officers of the corps ammunition 
dumps render daily reports to the corps munitions 
offices showing the amounts of ammunition received 
and issued during the previous 24 hours, and the 
amounts remaining on hand at the close of the period. 
The period of the report is the same throughout the 
army. 

The division munitions officers make daily demand 
upon the corps munitions offices for amraunition re- 
quired by their divisions during the next 24 hours. 
Based upon the state of the ammunition supply in 
the various divisions, in the corps ammunition dump 
and of the size of the credits allotted to the corps by 
the army, the corps munitions officer allots to each 
division and to the corps artillery units specified 
amounts of ammunition and informs them of the 
dumps or parks at which the amounts so granted may 
be obtained. 

The transaction is made by telephone but the allo 
cation is always confirmed by a written order upon the 
dump or park. This order is made out in triplicate, 
one copy is sent to the park or dump upon which 
drawn, the second copy is given to the division muni- 
tions officer concerned, and the third copy is retained 
in the file of the corps munitions office. 

The division or corps units send to the corps muni- 
tions office for copy of the order to be presented by 
the ammunition train at the park, and upon this order 
the commander of the park makes the issue of ammu- 
nition. The corps munitions office sends a courier to 
the park or dump concerned with a copy of the order 
intended for the park. 

The system of records in the corps munitions office 
is as follows: 

(a) Upon the receipt of ailocations granted by the 
army general staff, a record is entered by ealiber and 
kind showing the amounts allotted to the corps and 
the army ammunition parks at which the various 
credits have been eiven, 

lb) As each order upon any such credit is drawn 
the number, date, and amount of ammunition covered 
by the order is entered against the proper allocation. 
A continuous balance is thus maintained of the amount 
of any kind of ammunition available for issue by 
corps order at each army ammunition park. 
(¢) An aecount is kept with each corps ammuni 
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tion dump and similarly all orders issued upon the 
corps dumps are at once deducted from the available 
balance as shown by the daily report of the corps 
ammunition dump. 

Contrary to the practice of army ammunition parks, 
there is a time limit within which division or 
units must draw the ammunition allotted to it in a 
corps ammunition dump. This is required by reason 
of the fact that the corps dumps are not as well or- 
ganized and equipped as the army parks. Also be- 
cause the ammunition in the corps dumps ordinarily 
constitute the reserve for the corps, and therefore the 
ammunition in the dump must be always at the dis- 
posal of the corps artillery commander to meet changes 
in the tactical situation. It is not, therefore, feasible 
to permit divisions or corps units to retain eredits 
against the ammunition maintained in the corps dumps, 

Infantry ammunition is handled in the same man- 
ner as artillery ammunition with the exception that 
the reports to the general staff of the army are made 
on the 10th, 20th, and last day of each calendar month 
instead of daily. 

Conclusions as to War Time Issue. 


corps 


The manufacturing possibilities of our country, 
with such outside aid as may be obtained, limit the 
War Department in its distribution of ammunition 
to the armies. 

The amount allotted by the War Department te 
each army limits that army in its distribution to its 
corps, and so on down the line. 

Each unit must therefore maintain a reserve to tide 
over periods in which the ammunition is expended 
faster than it is received from the next higher unit. 

In order to control intelligently the distribution of 
ammunition it is absolutely essential that a system of 
the loeation of all 
The War Department will require this 


accounting be used that will show 
ammunition. 
to regulate the flow to the armies, and each staff in the 
army that controls ammunition must likewise keep 
books. 

To solve these problems properly in time of war re- 
The allocation of 
work and the tables of organization must recognize 
this fact. 


bear this in mind. 


quires practice in time of peace. 


Staff officers who plan maneuvers should 
The combat troops are provided 
with equipment to simulate the noise of firing, the 
flashes of guns, and the enemy himself, but how often 
in maneuvers is an ammunition dump established and 


blank ammunition issued on proper orders and with 


proper time elements introduced ? 
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in Artillery Development 


By 


G. F. JENKS 


Member 


CURING the war production of stabilized de- 


signs of artillery matériel had of necessity 
been insisted upon. Equipment of the army 
was essential. The situation abroad differed.  Pro- 
duction sufficient to equip and maintain all avail- 


able troops had been at- 
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tions of design practice have been utilized which have 
permitted in most cases a reasonable fulfillment of 
the Westervelt Board specifications. It is not to be 
inferred that the matériel referred to in this article 
has been fully developed and that the designs made 

are acceptable either to 





tained before our entry 
into the war. The demand 
for new war machines had 
developed an exception- 
ally able design organiza- 
tion. The Germans had 
placed in the firing line in 
the spring of 1918 more 





the Ordnance Department 
They 


rather represent the pre- 


or to the service. 


liminary steps in the pro- 
gram of development. De- 
velopment can not be con- 
sidered as final until the 
matériel has been accept- 





powerful artillery devel- 
oped during the war. The 
French and British were 
likewise meeting the de- 
mand. In this country 
the services of the Ord- 
nance engineer were re- 
quired to solve production 
problems. Little could be 
attempted in the improve- 
ment of types or the de- 
velopment of new maté 


ed by the service as con- 
forming to their specifica- 
tions and the design again 
modified by production 
organizations to make it 
aS simple as practicable to 


pre uluce. 


The outstanding  fea- 


{ures in these new designs 





are: 


The 


recoil mechanism, 


hydro-pneumatie 








riel. The end of the war 
therefore witnessed  dis- 
satisfaction of the service e " Sow 

Maximum range 23,500 yards. 
with existing matériel. 


elevation 65 degrees. 
placed at Proving Ground. In 


Constructive steps to cor- ; 
level with loading platform. 


rect this deficiency were 
taken immeriately after the Armistice and a program 
for development of artillery matériel was prepared 
by the Westervelt Board. The Department has 
been working on this program since June 1, 1919. 

In general, this program calls for the development 
of all calibers and types of artillery matériel. It 
specifies increased ranges, greater mobility, greater 
movement of the gun on its carriage, both vertical and 
horizontal, and higher road speeds. The previous 
weight limits, although not rigidly specified, can not 
be departed from greatly because of ponton bridge 
limitations and field requirements. It also provides 
for types of matériel previously unknown to us. 

In the accomplishment of this program certain 
mechanisms, principles of construction and modifica- 





Seacoast Armament 
Rear and insert views: Pre-war 14-inch gun on disappearing car 
riage, maximum elevation 15 degrees 


Front view: Post-war 16-inch gun on barbette carriage. 
Maximum range 45,000 yards. 
service, surface of emplacement is 


Equilibrator system, 
Split-trail carriage, 
Rubber tires. 
Use of heat 


steels, 


(since increased to 20 degrees) 
Maximum 


(Shown as em 
treated 


Ball and roller bearings, 
Band brakes, 
Removal of ammunition from limbers, 
Modified gun construction, 
Specialized construction of new types. 
These features it will be noted are readily connected 
Westervelt Board 
For example, increased gun elevations de- 


with the requirements of the 
program. 
mand the first two mentioned characteristics, and in- 
creased road speeds, the use of rubber tires and band 
brakes. In no ease is the Ordnance designer willing 
to complicate the gun or its production except tor ob- 
vious advantages or necessary characteristics. Al- 
ways in considering a design of Artillery great weight 


must be given to the requirements of simplicity of con- 
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struction and operation, safety in use to the point of 
being fool proof, mobility to negotiate any kind 
of roads or even no roads at all, and ability to travel 
over good roads at comparatively high speeds. In 
these designs the luxuries of modern automotive ma- 
tériel must be sternly repressed. Bare essentials only 
are permissible. The Ordnance designer is also limit- 
ed to the use of materials and mechanism which ean 
be readily produced in time of war. If special mech- 
anisms which industrial plants are not equipped to 
manufacture are essential, the Ordnance Department 
should provide manufacturing facilities and hold them 
comparatively idle during time of peace in order that 
they may be available for war production. Under ap- 
propriations now being made for matériel this problem 
will soon become insolvable. All these factors should 
be considered in analyzing or criticizing designs of ar- 
tillery matériel. 

Before analyzing the design charactistics mentioned 
a comparison of present specifications with pre-war and 
war requirements will be helpful. For new develop- 
ment the specifications of the Westervelt Board and 
the characteristics of new pilots are given. 


Recoil Mechanisms 

Except for proving ground tests the hydro-pneu- 
matic recoil mechanism, or recuperator as commonly 
called in the lighter field pieces, was, prior to the war, 
unknown in this country. Its complexity of design 
and the fine workmanship required for its production 
had militated against its adoption. The hydraulic 
spring return system was simpler to produce and 
considered more reliable in the field. It was used for 
all calibers from the smallest to the heavy mortars of 
the seacoast defenses. Of course difficulties were ex- 
perienced in the manufacture of the springs and 
breakages occurred in the field. But on the whole 
the system was very satisfactory and answered all 
requirements. The adoption of the French 75 for 
war production swept away all objection to the hydro- 
pneumatic recuperator and the Department was forced 
to produce during war what it had studiously avoided 
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New pilot 75-mm. Gun, Box Trail 


during vears of peace. The production problems were 
finally solved and it became feasible to consider this 
mechanism for use in future designs. In the field, re- 
cuperator mechanisms gave comparatively _ little 
trouble. The service with no questions raised, accept- 
ed this radical departure in artillery design. 

Early during the war engineers specialized in re- 
cuperator design were brought to this country to de- 
velop it for both mobile pieces and for the heavy rail- 
way artillery. The work of these engineers was im- 
mediately available for the new development program 
and the hydro-pneumatic system was adopted for all 
calibers and types except trench matériel from the 
75 mm. Pack Howitzer up. The types of recuperators 
now being used are essentially those used on the 
French 75 mm. gun, the 155 mm. G.P.F. and the 
St. Chamond types developed for 75 mm. matériel and 
for heavy railway and coast matériel. Only minor 
changes have been made since the war in these mech- 
anisms, except in the larger mechanisms for coast 
matériel. A radieal change in form, although not in 

















3-Inch Field Gun Carriage, Mode! 1902, at full recoil 


principal of construction, is being considered for a 
small caliber. The essential reason for the change is 
redistribution of weight, although production diffi 
culties may be lessened at the same time. There have 


heen considered numerous proposals for changes of 






























Materiel 


Pack Howitzer 


Divisionel 
Cun 


Divisional] 
Howitzer 


Corgs 
Cun 


Corps 
Fowitzer 


Army 
Cun 


Army 
Howitzer 


Heavy 
Army 
Cun 


Heavy 
Army 
Fowitzer 


Anti=- 
eircratt 


Caliber Jes 


Pilots 


Prewar 
War 


Specified 
Pilots 


Prewar 
War 
Specified 
Pilots 


Prewar 
War 
Specified 
Pilots 


Frewar 
War 
Specified 
Filot 


Prewar 
Her 
Specified 
Pilot 


Prewar 
War 
Specified 
Pilot 


Prewar 
War 
Srecified 
Pilot 


Frewar 
War 
Svecified 
Filot 
Frewar 
War 


Specified 


Pilot 


Design never put into production 


tériel in which the maximum elevatio 


Frewar 
War 


Specified 


Weight 
Pro 
tile 
ds. 
75mm 12.5 


about 3” 
750m 15 
3° 15 
75nn 13.5 
7&np 13.5 
75mm <20 
7500 15 
750m 15 
3!e 30 


Same as Corps Howitzer 


106 30-35 


(105 33 

(105 33 

4t7 45 
do 

4°7 

(427 50 

(427 50 

é€ n 20 

1&&an ¢5 


7°@€ © 240 
§" 200 
§" <240 
8" 200 
None 
124mm* 1&4 
e 220 
Kone 
1z" * 700 
240mm Zé&e 
6.5 <400 
None 
None 


(3" S.C. 16 
3" Fieldl5 


3" >15 
(4:7 >4F 
(3" 1£ 


(4:7 4 


caAannannr 
53090 i 


41296 


yn 
™m GO) 
Nm Ww 
“J cn 
“sO 


Max.. 
Range 
yds. 


4225 


> &0°CO 
6520 


€000 
9200 
12485 
1&000 
15000 


> 15000 


£COO 


ARMY ORDNANCE - 

Weight Weight 
Materiel on 
in_ ety. Road 
los. bs. 
&3€ 830 
85C 850 
2620 4260 
2657 4181 
3045 4553 
3€€0 4810 
2733 37€¢ 
2040 3971 
3678 4828 
2968 4004 
G0€E 9é1s 
12000 
13000 14600 
10€00 12100 
7582 €127 
76C0 E227 
13000 14500 
25960 22410 
24000 22040 
13800 18700 
20050 226£&0 
24000 22000 
36600 39950 


Muzzle 


Vel- 


ocity 


-S. 
920 


900 


1640 
1955 
1°C0 


m 
~~ 
a 
en en 


900 


1£00 
1500 


2050 


~m 0 
tn cn 
oO a 


» _ 
~ Cn 
~m Oo 


1€50 


2411 


200 
1200 


1&25 


on 
oO 


Eleva- Jrav- S 


» 


on 


Ow oOo m 


Oman! - 


ww 
tO oO 


~ mO°o 


Go 
o 
© 


m Om 


oo 


iw) 


x oO 
OO ® Oo 


© 


a & 
nm 
>) 


ono Oo 


m 


oO 


to od 
m 


m 


oo oo Oo & 


oO @o © 
Mm a 


@ 


e) WwW 


ep) 


mo m 
oo oOo oO on 
Oy 


(2) 





Road 
Speed 
FF 


no 


chang, 


- 


on-1lZ 


mM 


lz 


~m n 


elevation of the * 


rail 






































details, but essentially the reeuperator for the new 
pilots is like the war recuperator and offers similar 
production problems. 

The hydro-pneumatic recoil mechanism makes prac- 
eable the high elevations specified for all classes of ma- 
terial without excessive weights. Without it our latest 
coast defense matériel could not have been developed. 


In our 16-inch gun matériel this mechanism absorbs the 


energy of recoil of a mass of 200 tons over a path of 
40 inches with uniform pressure in the eylinder and 
returns the gun to its firing position without shock 
depression or at 65° eleva- 
this 
shock, whether moving with gravity under the impetus 


whether the piece is at 7 


tion. The automatic control of mass without 
of the reactions of firing, or against gravity under the 
influence of the energy stored up in the system and for 
a difference of 72° in its vertical angle of direction, is 
a feat not dreamed of by the pre-war Ordnance engi- 
neer. The maximum elevation attained with the dis- 
appearing carriage was 30°. The hydro-pneumatie re- 
coil mechanism allows over double that and permits a 
carriage design of about half the cost of production. 

For all calibers and types of gun matériel for which 
the 


mechanism may be considered as definitely adopted. 


it is being developed hvdro-pnewmatic recoil 


It is hoped to simplify it somewhat—especially to solve 
production problems on the main forgings and some 


of the interlor mechanism. 


Equilibrators 


In new matériel it will be noted that the breech faee 
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of the gun is very close to the center of the trunnions 
Post-war specifications for ar 


to 80° and full recoil of the 


ot the tipping parts. 
tillery elevations of 45 


eun without striking the ground up to about 45° eleva- 














4.7-Inch Gun, Model 1907 
The largest field 
Maximum range 8,860 yards 


piece in service before the war 


tion. The lengths of the tipping parts, including the 
gun, have not been decreased, but rather longer guns 
are required because of the higher muzzle velocities. 
Two courses were possible to meet these conditions; 
first, to raise the center of the tipping parts retaining 
center of gravity at the center of rotation; second, to 
hold the center of rotation as far to the breech end of 
the gun as possible, using a spring system to equalize 
the load on the elevation gearing. For mobile artillery 
the first course was objectionable because of decreased 
stability of the piece during firing and inconvenience 
has 


in loading. Therefore, the design of the carriage 


been completed by the addition of the equilibrator. 


Ordinary helical springs are used in it. Some work 
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155-mm. Gun (New Pilot 


Developed for Army Artillery, Maximum Range 25,000 yards 
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has been done on a pneumatic equilibrator but not 
yet with successful results. By means of the equilib- 
rator the load on the elevating handwheels is kept 
practically constant. This mechanism will be found on 
all matériels from the pack howitzer to the largest 
mobile guns, but not on railway and seacoast matériel. 














6-Inch Howitzer, Model 1908 


For large railway matériel this mechanism has been 
avoided because of its complication. In seacoast ma- 
tériel the traversing parts are made large enough te 
provide full recoil of the gun balanced at its center of 
rotation. But in mobile material the addition of this 
mechanism actually results in saving weight. 


Split Trails 

Prior to the war the Ordnance Department develop- 
ed a split trail 75 mm. earriage in order to secure wide 
traverse. This matériel was in war production. It 
adopted the French 155 mm. gun, G. P. F. in which 
also the split trail was utilized. All other wheeled ma- 
tériel was of the conventional box trail type. The ex- 
perience of the war fully demonstrated the necessity 
for wide traverse in corps and heavier matériel but 
left unsettled that question for the divisional artillery. 
All new wheeled pilots of 4.7 inch and larger calibers 
are limited to the split trail types. For divisional ma- 
tériel both types have been provided for coparative 
tests. The first split trail 75 mm. pilot was compli- 
cated, however, by the requirements for a super-eleva- 
tion of 80°, and for interchangeability of the carriages 
and recuperators of the 75 mm. gun and the 105 mm. 
howitzer. In the later box trail pilots the elevation 
was reduced to 45° and complete interchangeability 
between gun and howitzer carriages was abandoned. 
The box trail matériel is about 900 pounds lighter than 
the split trail pilot. A new split trail 75 is being de- 
signed for 45° elevation without reference to howitzer 
requirements. A saving of weight of 450 pounds is ex- 
pected over the first pilot. Upon the completion of 
this new pilot it is hoped to obtain a decision from the 
service as to whether the tactical advantage of wide 
traverse for divisional matérial is sufficient to war- 
rant the additional complication and weight. For a 
75 the weight difference will be about 500 pounds. 


Rubber Tires 


The higher road speeds made practicable by use of 


tractors necessitates greater care in absorbing the in. 
cidental shock. Rubber tires were prescribed during 
the war for 4.7 inch and some heavier matériel and are 
definitely adopted for such calibers. However, in the 
case of divisional artillery there is still a question as to 
whether rubber tires are warranted at the expense of 
about 600 pounds extra weight. Therefore new pilots 
of dvisional matériel are being made both with and 
without rubber tires. Longer tests will be necessary to 
determine whether they must be used. It has not been 
considered necessary to spring the load in divisional 
matériel. For heavier matériel the load is sprung for 
travel and the springs are relieved of their load in 


firing. 


Materials 
The Department is taking advantage of heat treated 
materials in its new pilots and will specify heat treat- 
ment for many of the parts of carriages. These will in- 
clude, for example, gears, castings, forgings, ete. The 
veneral use of heat treated materials in automotive 





construction renders both facilities and knowledge of 
the art available for ordnance constructions. It is 
the policy to utilize metals which are of general use 
in industry and which consequently can be obtained in 
quantity without delay. The Department is now re- 
vising its metal specifications and will utilize standard 
S. A. E. or other standard steels. Of course, special 
steels will be required in some cases such as gun forg- 
ings and possibly trail plates. The bulk of the metal 
requirements will be met by use of steels in general 


use by the industries. 


Bearings 
For the first time ball and roller bearings are being 
used in mobile carriage construction. Of course, in 
seacoast matériel the practice has existed for a long 
time but it has now been extended to include the gun 
trunnions. In the field matériel roller bearings are be- 


ine tested in the eun trunnions and will take the firing 

















155-mm. Howitzer (Schneider) 


loads. In a new design of 75 a roller bearing will 
carry the traversing load and a ball bearing the verti- 
cal load of the main pintle. They are being utilized 
elsewhere also. 

In seacoast matériel the employment of various 
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anti-friction devices may permit the removal of the 
expensive electrical equipment now provided for ele- 
vating and traversing the gun. The results obtained 
in hand operating the 16-inch gun matériel have been 


most satisfactory. 


Brakes 
Another example of the influence of automotive 
practice on ordnance design is the extended use of the 
band brake, eliminating for new designs the old form 
ot shoe brake. This practice will be found, however, 
on the 75 mm. matériel, Model of 1916. 


Other departures from old design gage 






















practice, found in various matériels 
are, for example, the abandonment of 
the driven spade for split-trail car- 
riages, the removal of ammunition 

chests from the limber, and the substitu- 
tion of trucks for special vehicles with 
corps matériel, Other changes are rather 
refinement of design practice. In the 
corps and army matériel the influence ot 
the design of the 155 mm. G. P. F. will 
le readily seen. However, the extension of 


the elevation from 35° to 65° made neces- 
sary the use of a quick return mechanism 


for bringing the gun back to the loading 


position and returning and locking it in 
firing position without loss of adjustment 


of the sight. This is accomplished by a 


rack attached to the eradle and the 


vear 


mechanism on the elevating are. Greater 


attention has been eiven 


also to reducing trail loads 
to reasonable figures in or 


der to make matériel less 


difficult to emplace. 


Anti-Aircraft 


Mor anti-aireraft mate 
riel there are fewer fixed 
design traditions and ee, ee 
greater freedom has been given in earrying out 


untried mechanisms. Some of the more. strikine 


ones only will be referred To. Mobilitiy has been 
carriage or DN 
The first 


method is expensive now because of the transitional 


sought through the self-propelled 


mounting the gun unit on a_ trailer, 


Stage of development of the motor carriage. It will 
probably be temporarily abandoned until more satis 
factory results with other types of artillery are ob- 
tained, 


The trailer provides a fairly satisfactory 


means of transportation. The main problems of anti- 
aircraft artillery are: The development of a suitable 
gun and carriage, the perfection of sighting appara- 
tus and loading mechanism, and above all the inven- 


tion of fire control apparatus. Mobilty may be consid- 
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ered as secondary in the present stage of development. 

lf the anti-aircraft gun traverses in a plane other 
than a horizontal plane, the secondary errors intro- 
duced might be compensated for by a complex sight- 
ing system, but it is considered simpler to hold the 
piece to the horizontal plane. In a piece not per- 
manently emplaced a quick means of levelling is there- 
fore required. In current pilots a_ ball-and-socket 
joint is built in the top of the pedestal and the lower 
end of the pivot yoke is controlled by horizontal 
screws for cross levelling. 


The new anti-aircraft pilots.provide primarily for 


lirect fire although means are provided for indirect fire. De- 
flection corrections may be applied through a differential gear 
in the traversing system without disturbing the line of sight. 
When the telescopic sight is directed at the target, the angle 
of the target above the horizon is set off on the range drum. 
The angle of elevation above the line of sight and the eleva- 


tion correction are applied to the sight drum inde- 
pendently. This system although simple in theory 
requires a rather complicated mechanical installation 
and too many men at the piece for its operation. It 
would be preferable if all caleulations were made at a 
central station and merely the angles of elevation and 
direction for the laying of the piece and the fuse set- 
\t ing were forwarded to the gun. Study is being given 
to this problem and in future pilots a simpler 
It is still 
considered essential, however, that provision 


sighting system will be tried out. 


be made for direct laying. 

In order to avoid secondary errors of con- 
iderable magnitude in anti-aireraft fire it is 
that the 
the setting of the fuse and 


important interval between 





firing the piece as well as 
flight be re- 


duced to the minimum. In 


the time of 


current pilots the fuse set- 
ter is located at the breech 
of the gun and a pneumatic 


mechanism is provided for 


New Pilot 


opening the breech mechan 
ism and ramming the projectile. For the smaller eali- 
her this complication is not warranted and a simple 
hand-operating ramming device will be developed, For 
the larger caliber some form of mechanical loading 
must be provided, A full automatic breech would be the 
ideal type, but up to this time no such mechanism has 
heen perfected. The pneumatic mechanism is not de 
sirable because it requires an outside source of power 
and is not wholly reliable on a piece subject to road 


travel. 


Guns 


In gun design some changes in design practice will 
be noted. The increase in length of new pilot guns 


is especially marked. The increased range require- 
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ments have been met partially by the projectile de- 
signer in making the projectile more efficient ballisti- 
cally and partially by increasing the muzzle velocity. 
As practically the same powder pressures are used 
the increased velocity has been attained by increasing 
the capacity of the powder chamber and lengthening 
the bore. Possibly this has been carried further than 
necessary. It seems practicable to cut off some of our 
guns without decreasing their power. This will be 
advantageous in mounting the gun on its earriage. 
In future pilots slightly shorter pieces of the same 
power may be expected. : 

When our present program was undertaken every 
possible attempt was made to hold the weight of the 
gun to the minimum. It seemed feasible to develop 
steels of higher physical qualities, but as a safeguard 
against failure wire-wound construction was also em- 
ployed. About the same total weights were reached 
either in built-up construction with the forgings of 
80,000 pounds elastic limit or in wire-wound econ- 
structions with wire over forgings of 65,000 pounds 
elastic limit. In the higher grade forgings nickel 
chrome steels were used. After some preliminary diffi- 
culties, it was found entirely feasible to obtain the pre- 
scribed physical qualities and without great produc- 
tion difficulties. Thus far the guns made of this steel 
have given satisfactory results. This grade of steel 
appears to be suitable for gun forgings. But it now 
seems hopeless to expect to obtain such gun forgings 
in time of war. The Disarmament Conference has 
reduced the demand for high-grade steel for naval 
armament and current appropriations are too small to 
maintain an industrial steel plant on ordnance work. 
Even for coast defenses there will be no demand for 
gun forgings, except for the relining of heavy guns. 
For the first time since the steel gun began to be made 
the big gun-forge plants are without orders from the 
Department. The industrial demand for large high- 
grade steel forgings is not sufficient to keep these 
plants in operation. The Department now faces the 
situation of having a very small commercial gun forg- 
ing capacity to fall back upon, and, what seems more 
serious, a very limited personnel capable of making 
the grade of steel required for gun forgings. Of 
course, steel of as high physical qualities is made for 
the automotive trade—but the forgings are small and 
present not the same problems in production. In view 
of these conditions the policy of using a higher grade 
steel for gun forgings has been abandoned except for 
the smallest cannon. For the 75 field and larger guns 
the pre-war steel specifications are now being used. 
Of course this means heavier guns, but by more eare- 
ful designing, the weights will be kept within limits 
which formerly were not considered practicable. 

Between the wire-wound construction and the built- 


up construction, no decision has been reached. The 


designer favors the built-up type. This may be a 
matter of prejudice. 

Much study has been devoted to the form and area 
of surface of rifling, and the wear of projectile bands, 
Some of our old designs are exceedingly defective, 
Constant twist of rifling is being prescribed. The new 
pilots contain a greater number of lands and in- 
creased depth of grooves, providing greater area of 
bearing surface. The rate of twist has been eare. 
fully determined by experimental firings by measuring 


.the stability and accuracy of projectiles in flight. 


The formule for calculating the strength of guns 
neglect many important factors. The factors of safety 
employed seem to be factors of ignorance. One piece 
for which caleulations gave a reasonable factor of 
safety consistently expanded in firing. The removal 
of a small fillet on the bottom of the bearing surface 
of the rifling groove appears to have relieved the pres- 
sure on the tube sufficiently to stop the expansion. 


Research Studies 

For a study of these questions experiments are now 
being conducted with a cannon mounted on a free- 
recoil carriage. In this piece the powder pressure is 
being measured with time-pressure gauges and also 
with the ordinary crusher gauges placed in the breech 
and along the bore. The velocity of the projectile is 
being measured by electric contacts along the bore and 
at the muzzle. In this research work it is hoped to 
obtain more accurate information as to the rates of 
ignition and combustion and the laws of expansion of 
the powder, the resistance of the projectile in the bore, 
as a function of velocity, and the actual pressures in 
the bore during the travel of the projectile. The data 
thus far secured is very promising but no conelusions 
have been reached. 

The study of erosion of guns has been neglected be- 
eause of Jack of personnel. <A large mass of data has 
been accumulated but it still awaits study for its in- 
terpretation. This subject will soon become an im- 
portant one, owing to the merease in muzzle velocities 
of new pilot guns. 

Experimental and research work in the auto-fret- 
tage method of gun construction is continuing. A 
number of hollow evlinders with walls of different 
thickness have been studied under internal hydraulic 
pressure up to the elastic limit and the same cylinders 
are being stressed beyond their elastic limits. The 
changes of diameter at various thicknesses of the wall 
and of lengths and form of the cylinders are being 
very accurately measured. Both annealed and heat 
treated cylinders are used. These experiments and 
associated research work should give very definite 
knowledge of the laws underlying the auto-frettage 
process of gun construction. 

In connection with the investigation of gun steels, 
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the Department has recently installed at the Water 
town Arsenal an X-ray apparatus for metallurgical re 
search. The apparatus will develop 280,000 volts. As 
soon as a technique is developed, it will be utilized on 
definite research programs. 


Seacoast and Railway Materiel 
A general survey of the comparative characteristics 
of fixed seacoast and railway matériel is indicated on 
Table Il. The heavy armament only is indicated as 
current programs contemplate no development of 
medium caliber artillery for permanent emplacements. 


stage. Conditions were ripe, therefore, for a recon 


sideration of the entire project. The flexibility of the 
hydro-pneumatic recoil mechanism, its possibilities at 
high elevations, and the smaller cost of the barbette 
gun mounts utilizing this system in comparison with 
disappearing carriages were at once recognized as ren 
dering the disappearing carriage obsolete for all new 
designs. The spring return recoil mechanisms also 
disappeared because the new system offered better 
control for the wide limits of elevation. 

These conditions resulted in fixing the barbette car 


riage as the type for new fixed coast defense guns and 


Weight Muzzle Lax. Max. Type of 
Carriage Te Velocity Range Elevation Traverse Recoil 
tip§, ft.sec. yds. Degrees Degrees Mechanis 
Prewar 14" Disappearing 1€60 2350 2356€4 15 (a) 170 F 
Prewar 16" ? 24(€0 222:8 22420 16 (ae) 170 ; 
War 16" - 2360 2700 31000 30 360 k 
Post War 1€" Farbette 240 27CO 45000 (c)€& 3€0 P 
Prewar 12" Mortar 700 1800 18700 é& 3é0 Si 
War 12" Earbette 975 2275 29266 30 (b) 3é€0 S 
War 1€" Howitzer- 1€€0 1°ce 2140 E€ 3€0 s 
Post War 16" Howitzer 2100 2000 zZ€000 (c)éé& 3€0 FE 
War 14" Cun Railway 1€€0 2250 32200 30 (e) 3€0 S 
Post War 14" " . 1F€0 27:0 £0 360 (a) 
War 16" Howitzer Railwaylé€éCc 1¢00 21400 § 360 $ 
War 1é" =~ 1E€O 1$00 21400 Es 10 S 
Post War l1é" . . z1cc z000 FECON (c)E2 360 P 
Table. II 

(a Since increased to 20 degrees (e Limited to 22 degrees fired from track 

(b) Since increased to 35 degrees H Counterweight and hydraulic 

( Computed S Spring and hydraulic 

(d) Top carriage capable of 7 degrees traverse P Hydro-pneumatic 


Great development in the design of coast defense 
matériel began just prior to our entry into the war 
with the decision to mount 12-inch guns on carriages 
permitting 30 degrees elevation and to build 16-inch 
guns and mortars for permanent emplacement. The 
disappearing carriage was then standard for 16-inch 
euns. For sites where the disappearing carriage was 
hot suitable it was proposed to use a turret similar 
to that installed on ships. The proposed mortar ear- 
riage was a development of the type used for 12-inch 
vuns on new barbette carriages. During this period 
also the development of railway artillery matériel 
hegan first for its utilization as a part of fixed de- 
fenses and later, after our entry in the war, for field 
use. The development of this field railway matériel 
will not be considered, although it is a part of the 
Westervelt Board project—no work on it having been 
done, 

At the end of the war the 16-inch gun and disap- 
pearing carriage were under production, but work on 
them had suffered because of the priority given to 
The 16-inch 
turret and mortar projects had not passed the design 


matériel required for the field armies. 


howitzers. Seme characteristics of these pieces have 


been referred to above. Others such as the use of elec- 
trie power for maneuvering and the mechanical ram- 
mer are not new in principle. The use of pneumatic 
operation of the breech mechanism is new for coast 
defenses, being borrowed from naval ordnance con- 
struction with the drop-block which is quicker to oper- 
ate than the former types used in coast defenses. 

These new gun and howitzer carriages represent 
such a marked advance in seacoast matériel, that we 
may expect the current designs, except for minor de- 
tails, to become stabilized for a considerable period. 
The caliber of naval armament being limited to 16-inch, 
there appears to be no reason why larger calibers 
should be demanded for coast fortifications. 

In the new carriages the same maximum elevation 
has been reached for the gun as for the howitzer and 
the older mortar. These guns can be fired for plung 
ing fire as well as for direct fire. Likewise the gun 
will be emplaced for all around fire as was the old 
12-inch mortar. 

In the design of heavy coast cannon consideration is 
given to the possible future utilization of the gun and 
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its recoil mechanism on railway mounts. Thus the 
new 16-inch howitzer can be used on the railway ear- 
riage for the 14-inch gun. A continuation of this 
policy will make the construction of railway artillery 
matériel comparatively simple in time of war. 

In our new railway matériel, the striking differences 
noted are: The increased power of the gun, the 50- 
caliber gun being used, the provision made for eleva- 
tion up to 50 degrees, and for firing at its maximum 
elevation from its field platform without the construc- 
tion of a pit or from an all-round fire pivot. For trans- 
portation the gun is lowered on pivoted beams into the 
space between the girders while for firing it is lifted 
into position by hand power or by electric motor. The 
gun is trunnioned at its center of gravity and the use 
of equilibrating mechanism is avoided. The use of 
power for maneuvering and loading has in general fol- 
lowed the practice developed for fixed defense matériel, 
except that the power plant is located on the carriage. 

Fire Control 

Progress in sights and fire control instruments for 
mobile artillery has been made more in refinement of 
instruments rather than in revolutionary develop- 
ments. Marked improvements have been made in some 
instruments such as musket sights. Further improve- 
ments may be expected in the quality of other telesco- 
pic instruments. But a large amount of painstaking 
labor will be necessary to accomplish these results. 

The most noticeable development has been the per- 
fection of instruments for the fire control of long 
range guns for the coast defenses. Our present in- 
struments were developed at a time when 15,000 yards 
was considered a maximum range. With the exten- 
sion of range up to 50,000 yards the whole system 
must be studied anew. Thus far the greatest progress 
has been made in new instruments whose functions are 
the same as those of the present system. Some ex- 
ceedingly accurate plotters for a maximum range of 
40,000 yards have been developed. Corresponding 
‘ange and deflection correctors have been made. 

The high initial cost of new seacoast defense guns 
demands a complete restudy of fire control instru- 
ments. If the accuracy of a 16-inch gun matériel 
which costs a half million dollars to manufacture, can 
be increased by more expensive fire control apparatus, 
a large additional investment can be justified as an 
economy. The cost of instruments is small compared 
with the cost of ammunition and of relining the gun. 

Several instruments for observationn of fire and 
measuring ranges from balloons and airplanes have 
heen developed. None are final. There is a large field 
for work in perfecting apparatus for use in the air. 

Up to this time completely satisfactory fire control 
apparatus has not been developed for long range 
mobile pieces or for railway matériel. Some work is 
being done on these problems along more or less con- 


ventional lines. 





Internal base range finders have been produced in 
this country and were in quantity production during 
the war. The designs, however, were made abroad 
and little original has been accomplished here in their 
development. There is no present demand for pro- 
duction and commercial corporations can not be 
expected to carry on expensive research programs to 
make us independent of foreign countries in this im- 
portant article of war equipment. The angles meas 
ured in these instruments are so small and the effect 
of minute inaccuracies of construction are so large, 
that scientific methods must be employed in studying 
the development of design, the effect of shapes and 
compositions of material on loss of adjustment through 
shock or temperature changes, the cause of inaccu- 
racies due to differences in temperature throughout 
the mass of the instrument, ete. Research work along 
these lines is now in progress. 

The stereoscopic range finder is an important field 
for investigation. It offers promise of being more 
accurate than the ordinary coincidence range finder 
on rapidly moving targets or during periods of poor 
illumination. Programs to determine the relative 
value of these range finders are under way both in 
the field and the laboratory. 


|Resume of Project 


The aecgmplishment of the Department in the de- 
velopment of Artillery Matériel under the Westervelt 
Board project may be best shown under the various 
classes of matériel. This résume does not inelude 
motor artillery matériel—that is, matériel on self-pro- 
pelled mounts. The 1.8-inch and 2.24-inch Infantry 
Howitzer matériel has been abandoned for develop- 
ment. Unsatisfactory results in both direct fire and 
curved fire have been obtained from a single caliber. 
Current developments include a 37 mm. gun for direct 
fire and a mortar for curved fire. 

The 75 mm. Pack Howitzer pilot was not satisfac- 
tory. The Pack Howitzer pilot developed excessive 
piston rod pull, which rendered it less stable than 
desired. A new model has been constructed in which 
the piston rod pull is reduced by increasing the weight 
of recoiling parts. 

Because of the fact that European engineers have 
developed pack howitzers with about 40 per cent 
greater range, further work on the new model was 
suspended and a study is being made of a pack howit- 
zer of about 9,000 yards range. This howitzer will 
be capable of being broken up into mule loads not ex- 
ceeding 225 pounds each. 

The 75 mm. gun and 105 mm. howitzer with split 
trail have been tested. The piece js considered too 
heavy and a study of a split trail matériel for the gun 
in which the elevation is limited to 45° is now in 
progress. 

The 75 mm. gun and 105 mm. howitzer box trail 


























matériel is now undergoing test. The 105 mm. axle 
failed on road test but has been replaced. These 


pieces will be submitted to the service for comparison 
with the matériel with split trail. 

The 3-inch anti-aircraft matériel is undergoing test. 
The 
The mounting 


The self-propelled chassis is not satisfactory. 
gun is mounted on a trailer mount. 
of this gun on a trailer has been accepted in prin- 
ciple for future development work. Studies of an 
improved matériel are in progress. 

The 4.7-inch anti-aircraft pilot is undergoing test 
It is too early to predict the details of future de- 
velopment of this matériel. 

The 4.7-inch gun—105 mm. howitzer wheel maté- 
riel, is now under test after failure of top carriage 
at Rock Island 
heen made but apparently our methods of calculation 


Arsenal. <A new top earriage has 
of stresses in this piece still neglect important factors. 
Experimental determination of these factors is now 
necessary. A second pilot gun matériel is under manu- 
facture. The new gun is shorter and the earriage 


is considerably lighter. It provides for a 45 degree 
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degrees in the 


15) 


maximum elevation in place of 65 


earlier model, This carriage will not take the 
mm. howitzer. 

The 155 mm. gun—8-inch howitzer wheel matériel 
is now under test. It is hoped that no important 
changes in design will be found necessary. 

A 155 mm. trench mortar has been built and has 
failed in minor respects under test program, This 
matériel will be repaired and its test continued. 

A 37 mm. automatic gun is now under manufacture. 
A study of a second type of automatic gun is being 
made. It is thought to be of sufficient promise to 
warrant the construction of a gun for test. 

The 14-inch railway matériel is under production. 
The first piece is under shop tests and will be sent 
to the proving ground at an early date. 

The 16-inch howitzer matériel developed since the 
war has passed a successful proving ground test and 
is being issued to the service. 

The 16-inch gun matériel has been successful in all 
respects and is being issued for installation in coast de- 


fenses, 
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Maximum range 26,000 yards. 


Left: Post-war 16-inch howitzer. 





Right: Pre-war 12-inch mortar. Maximum range 18,700 yards 
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its recoil mechanism on railway mounts. Thus the 
new 16-inch howitzer can be used on the railway ear- 
riage for the 14-inch gun. A continuation of this 
policy will make the construction of railway artillery 
matériel comparatively simple in time of war. 

In our new railway matériel, the striking differences 
noted are: The increased power of the gun, the 50- 
caliber gun being used, the provision made for eleva- 
tion up to 50 degrees, and for firing at its maximum 
elevation from its field platform without the construc- 
tion of a pit or from an all-round fire pivot. For trans- 
portation the gun is lowered on pivoted beams into the 
space between the girders while for firing it is lifted 
into position by hand power or by electric motor. The 
gun is trunnioned at its center of gravity and the use 
of equilibrating mechanism is avoided. The use of 
power for maneuvering and loading has in general fol- 
lowed the practice developed for fixed defense matériel, 
except that the power plant is located on the carriage. 

Fire Control 

Progress in sights and fire control instruments for 
mobile artillery has been made more in refinement of 
instruments rather than in revolutionary develop- 
ments. Marked improvements have been made in some 
instruments such as musket sights. Further improve- 
ments may be expected in the quality of other telesco- 
pic instruments. But a large amount of painstaking 
labor will be necessary to accomplish these results. 

The most noticeable development has been the per- 
fection of instruments for the fire control of long 
range guns for the coast defenses. Our present in- 
struments were developed at a time when 15,000 yards 
was considered a maximum range. With the exten- 
sion of range up to 50,000 yards the whole system 
must be studied anew. Thus far the greatest progress 
has been made in new instruments whose functions are 
the same as those of the present system. Some ex- 
ceedingly accurate plotters for a. maximum range of 
40,000 yards have been developed. Corresponding 
range and deflection correctors have been made. 

The high initial cost of new seacoast defense guns 
demands a complete restudy of fire control instru- 
ments. If the accuracy of a 16-inch gun matériel 
which costs a half million dollars to manufacture, can 
be increased by more expensive fire control apparatus, 
a large additional investment can be justified as an 
economy. The cost of instruments is small compared 
with the cost of ammunition and of relining the gun. 

Several instruments for observationn of fire and 
measuring ranges from balloons and airplanes have 
been developed. None are final. There is a large field 
for work in perfecting apparatus for use in the air. 

Up to this time completely satisfactory fire control 
apparatus has not been developed for long range 
mobile pieces or for railway matériel. Some work is 
being done on these problems along more or less con- 


ventional lines. 





Internal base range finders have been produced in 
this country and were in quantity production during 
the war. The designs, however, were made abroad 
and little original has been accomplished here in their 
development. There is no present demand for pro- 
duction and commercial corporations can not be 
expected to carry on expensive research programs to 
make us independent of foreign countries in this im- 
portant article of war equipment. The angles meas 
ured in these instruments are so small and the effect 
of minute inaccuracies of construction are so large, 
that scientific methods must be employed in studying 
the development of design, the effect of shapes and 
compositions of material on loss of adjustment through 
shock or temperature changes, the cause of inaccu- 
racies due to differences in temperature throughout 
the mass of the instrument, ete. Research work along 
these lines is now in progress. 

The stereoscopic range finder is an important field 
for investigation. It offers promise of being more 
accurate than the ordinary coincidence range finder 
on rapidly moving targets or during periods of poor 
illumination. Programs to determine the relative 
value of these range finders are under way both in 
the field and the laboratory. 


|Resume of Project 


The accomplishment of the Department in the de- 
velopment of Artillery Matériel under the Westervelt 
Board project may be best shown under the various 
classes of matériel. This résume does not inelude 
motor artillery matériel—that is, matériel on self-pro- 
pelled mounts. The 1.8-inch and 2.24-inch Infantry 
Howitzer matériel has been abandoned for develop- 
ment. Unsatisfactory results in both direct fire and 
curved fire have been obtained from a single caliber. 
Current developments include a 37 mm. gun for direct 
fire and a mortar for curved fire. 

The 75 mm. Pack Howitzer pilot was not satisfac- 
tory. The Pack Howitzer pilot developed excessive 
piston rod pull, which rendered it less stable than 
desired. A new model has been constructed in which 
the piston rod pull is reduced by increasing the weight 
of recoiling parts. 

Because of the fact that European engineers have 
developed pack howitzers with about 40 per cent 
greater range, further work on the new model was 
suspended and a study is being made of a pack howit- 
zer of about 9,000 yards range. This howitzer will 
be capable of being broken up into mule loads not ex- 
ceeding 225 pounds each. 

The 75 mm. gun and 105 mm. howitzer with split 
trail have been tested. The piece js considered too 
heavy and a study of a split trail matériel for the gun 
in which the elevation is limited to 45° is now in 
progress. 

The 75 mm. gun and 105 mm. howitzer box trail 
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matériel is now undergoing test. The 105 mm. axle 
but These 
pieces will be submitted to the service for comparison 


failed on road test has been replaced. 


with the matériel with split trail. 

The 3-inch anti-aircraft matériel is undergoing test. 
The 
The mounting 


The self-propelled chassis is not satisfactory. 
gvun is mounted on a trailer mount. 
of this gun on a trailer has been accepted in prin- 
ciple for future development work. Studies of an 
improved matériel are in progress. 

The 4.7-inch anti-aireraft pilot is undergoing test 
It is too early to predict the details of future de- 
velopment of this matériel. 

The 4.7-inech gun 
riel, is now under test after failure of top carriage 
at Rock Island 
heen made but apparently our methods of caleulation 


-105 mm. howitzer wheel maté- 


Arsenal. A new top earriage has 
of stresses in this piece still neglect important factors. 
Experimental determination of these factors is now 
necessary. A second pilot gun matériel is under manu- 
facture. The new gun is shorter and the carriage 


is considerably lighter. It provides for a 45 degree 











Left: Post-war 16-inch howitzer. Maximum range 26,000 yards. 
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degrees in 


the 


maximum elevation in place of 65 


earlier model, This carriage will not take 
mm. howitzer. 
The 155 mm. gun—8s-inch howitzer wheel matériel 


is now under test. It is hoped that no important 
changes in design will be found necessary. 

A 155 mm, trench mortar has been built and has 
failed in minor respects under test program. This 
matériel will be repaired and its test continued. 

A 37 mm. automatic gun is now under manufacture. 
A study of a second type of automatic gun is being 
made. It is thought to be of sufficient promise to 
warrant the construction of a gun for test. 

The 14-inch railway matériel is under production. 
The first piece is under shop tests and will be sent 
to the proving ground at an early date. 

The 16-inch howitzer matériel developed since the 
war has passed a successful proving ground test and 
is being issued to the service. 

The 16-inch gun matériel has been successful in all 


respects and is being issued for installation in coast de- 


fenses. 








Right: Pre-war 12-inch mortar. Maximum range 18,700 yards 
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Standard Specifications 


By 


R. S. OBERLY 


Member 


O one who was in close touch with produetion activi- 

ties during the World War could fail to have been 

impressed by the tremendous waste of man power, 
money, and materials, in the manufacturing establishments, 
which could be directly attributed to a lack of standard- 
ized and coordinated manufacturing methods and material 
specifications. 

The necessity for standardization was little appreciated 
in this country prior to the war. With the almost inex- 
haustible fund of natural resources possessed by the United 
States, little attention was paid to material waste. 

Germany, however, impelled, no doubt, by the difficulty 
in securing raw materials, and the necessity of conserving 
them in time of war, had perfected a system of committees 
in industry, subsidized by the Imperial Government, whose 
recommendations were final in establishing German tech- 
nical standards. 

After the signing of the Armistice, when it was possible 
to consider the war-time production efforts in retrospect, 
and analyze failures with a greater degree of accuracy than 
was possible when all efforts were directed toward speed- 
ing up manufacture, it became readily apparent that the 
standardization of manufacturing methods and specifica- 
tions for materials was one of the outstanding needs of 
American Industry. The United Engineering Society and 
the American Engineering Standards Committee have been 
engaged for a considerable period of time in investigating 
and standardizing along the lines indicated above. The 
Federal Government has taken an important role in cooper- 
ating with private industry toward this end and very ef- 
fective work has been done by numerous Government or- 
ganizations and the Bureau of Standards, particularly, 
Secretary Hoover's committee on the investigation of 
waste in industry. 

With Dr. Stratton of the Bureau of Standards as chair- 
man, there has been created by the Director of the Bureau 
of the Budget a Federal Specifications Board, composed of 
representatives of all Government departments, the pur- 
pose of which is to standardize as far as possible the speci- 
fications for material common to two or more Government 
departments. 

The Federal Specifications Board, through its repre- 
sentation on the various sub-committees of technical organ- 
izations, is assisting in the development of specifications, 
which, it is hoped, will eventually result in certain definite 
standards for American Industry. 

The War Department has delegated to the Ordnance De- 
partment the responsibility of eompiling standard War 
Department metal specifications along with specifications 
for such other material and supplies as are peculiar to the 
Ordnanee Department. 

The Chief of Ordnance, in continuation of this poliey, 
established the Specifications Unit of the Ordnance De- 
partment, whose function it is to supervise for the Ord- 
nance Department the preparation and issue of specifica- 


A.O.A 


tions intiated by or affecting the Ordnance Department. 

Specifications for Ordnance material are prepared in 
the various divisions of the Department, each division pre- 
paring the specifications for the articles which it designs 
and procures. The specifications for metals and metal 
products are prepared by the Metal Specifications Board 
which has been established at Watertown Arsenal. This 
Board, of which Dr. Langenberg, metallurgist of the Water 
town Arsenal, is chairman, numbers among its members Dr. 
Travis of the Rock Island Arsenal and Mr. F. P. Gilligan 
of the Society of Automotive Engineers. The Ordnance 
Department has arranged with several leading manufac 
turers for the temporary loan of their technical and metal 
lurgical experts, who will assist in the preparation of speci 
fications covering their particular specialties. 

The specifications prepared by this Board, after being 
approved by the various manufacturing divisions, are es- 
tablished as standard Ordnance Department Specifications. 
They are then considered by the Ordnanee Committee. As 
all branches of the War Department are represented on 
this Committee, its approval, in the case of metals, makes 
the specification standard for the War Department. 

The Chief of the Specifications Unit, who represents the 
War Department on the metals sub-committee of the Fed- 
eral Specifications Board, then places the specification 
before this sub-committee, which coordinates it with speei- 
fications for the same material in use by the Navy and 
other Government departments. A specification satisfactory 
to all branches of the Government is thus evolved, and 
when this specification is considered and approved by the 
Federal Specifications Board, it becomes a standard for all 
Government departments. 

The establishment and organization of these bodies has, 
naturally, required a considerable time, but all units are 
now functioning quite efficiently. About three hundred 
metal specifications will have to be prepared; a large num 
ber of these have already been approved by the Ordnance 
Committee and the Federal Specifications Board has several 
metal specifications under consideration which, it is ex- 
pected, will be approved in the near future. 

Every effort is being made by the Ordnance Department 
to adopt standard commercial metals and other products 
wherever possible. In eases where this is found to be im- 
possible, the commercial standards will be deviated from as 
little as possible. 

In the event of another emergency, it is quite probable 
that an organization would be created similar to the War 
Industries Board, which operated during the World War. 
The purpose of such a board would be to coordinate all 
Government purchases, establish priorities, and recommend 
the placing of orders with private manufacturing plants 
so as to secure the maximum possible production. The 
work of such a board wou!d be inealeulably aided by the 
system of specifieations which has been briefly outlined in 
this article. 























14-Inch Railway Mount, Model 1920 


By 


F. BRAUER 


Member 


LL wars stimulate the development of artillery mate- 
rial. The ingenuity of a nation in arms is taxed to 


the utmost to develop some method or some imple- 
ment of war which will overcome the enemy. New ideas 
are developed and current inventions are adapted to meet 
the needs of warfare. 

In field artillery, the greatest mobility is sought in order 
to reach new positions in the shortest possible time and 
If this mobility of the heaviest artil- 

and field 
plished, such weapons can then eithef be used against an 
enemy attacking from the sea or be quickly transported for 


over irregular terrain. 


lery, both for seacoast service, can be acecom- 


use in the armies in the field. 





A.O.A 


The 14-inch railway mount, model of 1920, has been con 
structed to meet the requirements of the service for a high 
power mobile weapon which can be successfully employed 
against both moving and stationary targets, and has been 
designed so as to permit the mounting of either a 14-inch 
Model 1920, MII, 
tipping parts or a 16-inch 
1920, with its cradle and other tipping parts, the elevating 


50-ealiber, with its eradle and other 


25-caliber howitzer, model 


racks on the two cradles and the gearing on the carriage 
being so arranged that interchangeability is obtained. 

The 14-inch gun mounted on this carriage has a maxi- 
50 degrees which, with a 1,560 pound 


mum elevation of 


armor-piereing projectile and a powder charge of 470 
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Figure 2. 


pounds, will give a corresponding range of about 40,000 
yards. It can be depressed to minus 7 degrees, which is 
also the loading angle—the loading being done by hand. 
This gun is approximately 50 feet overall and, with the 
band and breech mechanism, weighs 233,782 pounds. With 
the 16-inch howitzer mounted on this carriage a maximum 
elevation of 62 degrees can be obtained and which, with a 
2,340-pound projectile and a powder charge of 335 pounds, 
will give a range of approximately 25,000 yards. The over- 
all length of this howitzer is approximately 36 feet and the 
weight, including band and breech mechanism, is 195,151 
pounds. 

The normal recoil for the 14-inch gun is 35 inches and 
the maximum recoil is 37 inches. The initial air pressure 
in the reeuperator cylinder is 1,800 pounds per square 
inch and the final air pressure is 2,800 pounds per square 
inch; the corresponding initial liquid pressure is 1,980 
pounds per square inch and the final liquid pressure is 3,080 
pounds per square inch. The service pressure in the 
hydraulie recoil cylinders is 2,860 pounds per square inch. 

The normal recoil for the 16-inch howitzer is 381% inches 
and the maximum recoil is 401% inches. The initial air 
pressure in the reeuperator cylinder is 2,000 pounds per 
square inch and the final air pressure is 3,350 pounds per 
square inch. The initial liquid pressure in the reeuperator 
eylinder is 2,190 pounds per square inch and the final liquid 
pressure is 3,660 pounds per square inch. The service 
pressure in the recoil eylinders is 2,833 pounds per square 
inch. 

The 14-inch gun with band and breech mechanism, cradle 
and other tipping parts weighs 296,968 pounds, and the 
16-inch howitzer with band and breech mechanism, cradle 
and other tipping parts weighs 252,348 pounds. The total 
trunnion pull for both the 14-inch gun and the 16-inch 
howitzer is practically the same, namely, 1,000,000 pounds. 
The cradle for both the 14-inch gun and 16-ineh howitzer 
is practically of the same design and contains four oil eyl- 
inders symmetrically located and four piston rods extend- 
ing to the rear and fastened to the recoil band which is 
securely keyed to the gun or howitzer controlling the recoil. 
The energy of fire is dissipated by throttling oil through 
grooves cut in the wall of the eylinders, as the piston rods 
and heads move to the rear with the gun or howitzer. The 
cross sectional area of these grooves is caleulated so that 
the piston rod pull will be constant throughout recoil. To 
return the gun to battery the air reeuperator system is 
This system consists of air eylinders with floating 


used. 
pistons having compressed air at the rear of the pistons and 
the front filled with glveerine and water. 
pressure is sufficient to hold the gun or howitzer in battery 


The initial air 


14-inch Railway Mount, Raised to Firing Position at 0 degrees elevation 


and this air pressure is further compressed during recoil 
supplying the necessary energy for returning the piece into 
the original position for the next shot. 
The problem of gvereoming the 
powerful reeuperator mechanism, which is able to return 


ecounter-recoil in this 
the gun and recoiling parts to battery position whether at 
the maximum elevation or at 7 degrees depression, is ob- 
tained in buffers by controlling the flow of liquid in throt- 
tling grooves which are used also for the counter-recoil. 
When the gun is at a high angle of elevation it moves 
slowly into battery as the force returning it to battery is 
equal to the effective pull of recuperator minus the com- 
ponent of the weight of the gun in the same direction and 
minus the frictional resistance. When the gun is at a low 
angle of elevation or even at the maximum depression, the 
recuperator tends to throw the gun into battery, since the 
component of the weight of the gun is small. But as a 
high pressure is thereby developed in the cylinder, it quickly 
reduces the velocity of the ecounter-recoiling parts. Thus 
this system between wide limits of elevation controls the 
gun so that it moves slowly and smoothly into battery at 
all angles of elevation. 

The trunnions of the cradle rest in two side frames held 
together at the front end by means of a transom and at 
the rear end are provided with pivots both in the hori- 
zontal as well as in the vertical plane contained in the 
upper pintle casting. The object of the pintles at the rear 
of the top carriage is to permit lowering the gun and the 
side frames to the travelling and the vertical 
pivots permit motion in azimuth of 314 degrees on either 


position 


side of the horizontal line when in firing position. With 
the gun laid horizontally and the top earriage in firing 


position with all accessories in place, the height from the 
top of the rails to the extreme of the crane mast is approxi- 
mately 23 feet 4 inches, and from the top of the rails to 
the extreme point of the recoil band is about 20 feet. This 
height is prohibitive in going through railroad tunnels for 
which the maximum clearance of the principal railroads of 
the United States is 14 feet 5 inches for height. This 
necessitates the design of a collapsible loading arrangement 
as well as the means for lowering the side frames contain 
ing the cradle and the gun toa position which will permit 
travelling through openings having a height of 14 feet 5 
inches. 

By moving the firing bolster forward by means of a hand- 
driven pinion engaged in racks and by lifting serews, oper- 
ated either by hand or by electrie power supported in bear- 
ings, the side frames are lowered so that when they rest 
on the lower pintle, with the gun elevated 34% degrees, the 
maximum distance from the top of the rail to the top of 
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Figure 3. 





any portion of the gun or earriage is about 14 feet 1 inch. 
This permits this piece of ordnance to travel through tun- 
nels and over bridges in the United States. 

The firing bolster and the pintle bearing as well-as the 
loading trunk in which are contained the gears, motor and 
controlling arrangement for the hoisting of ammunition, as 
well as the lifting brackets and transoms supporting the 
motors and air compressor rest on two silicon steel girders 
joined together at the front and rear by means of heavy 
body bolsters and also connected by a number of inter- 
vening transoms in order to obtain the desired stiffness. 
front and rear contain lifting 
holsters operated by serews and gears, both hand as well 
as eleetrie driven, so as to permit of the removal of the 
trucks and to place this mount on a permanent emplace- 
ment. The front body bolster also contains an aligning 
beam inside of which the lifting bolster is located, this 
aligning beam having a transverse motion by hand power 
so that when it is again desired to place the trucks under 
the ear body it assists in bringing the pintle plate contained 


The body bolsters both 


in the lifting bolster to engage the corresponding recess in 
the span bolster by first engaging the rear pintle plate in the 
recess of the rear span bolster by traversing on the lower 
If the pintle plate in the front lifting 
bolster then match, the entrance into the span 
holster by means of moving the aligning beam either right 


pintle ball bearings. 


does not 


or left can then readily be obtained. 

The lower pintle assembly consists of a lower pintle 
transom securely bolted to the inside of the two girders and 
the lower members of the girders rest upon flanges cast in- 
tegral with this transom. By means of the lower pintle 
voke containing trunnions at each end and by a center 
pintle serewed into the lower pintle plate, motion is per- 
mitted between this pintle and the lower pintle yoke, and 
which by means of caps over the pintle trunnions at each 
end rotating in the lower pintle transom and also by means 
of a lower pintle bearing whose outside diameter of the 
two races is 5614 inches, motion is obtained in azimuth to 
permit the traversing of the carriage when on a perma- 
nent foundation. To align the rear trucks and also to per- 
mit a slight motion of the girders downward at the rear 
when firing from the permanent emplacement, the travers- 
ing rollers which rest on a base ring have a slight up and 
down movement due to the insertion of Belleville springs, 
the lower pintle assembly as described permitting of this 
slight motion in order to relieve stresses due to the over- 
turning moment during the discharge of the gun. 

Four trueks are provided, the two forward ones each 


having four axles and the two rear ones each having three 


i Bo 


These trucks have been designated as and 


axles, 


14-Inch Railway Mount, Lowered to Traveling Position 






D, the A being the forward truck and D the rear truck. 
Trucks A and D are provided with independent air brake 
system and eylinders, reservoirs, triple valves and necessary 
fittings, valves, hose and couplings to form an independent 
unit, and provision has been made to connect the air 
brakes on the A and D trucks by a pipe arrangement on 
the girder and hose couplings in order to conneet with brake 
system on each truck. The two middle trucks, that is, 
trucks B and C are equipped with translating devices thus 
providing traction to the two axles of each of these trucks. 
The device is hand-operated by a crank on either side of 
the truck, the cranks being removed while in transit and in 
addition an efficient clutch arrangement is provided for en- 
vaging or releasing the entire mechanism so that its parts 
will not rotate when mount is in transit. The axles are of 
the M. C. B. standard 6 by 11 inch outside journals and each 
front truck is designed to carry a center plate load of ap- 
proximately 140,000 pounds, and each rear truck a center 
plate load of 115,000 pounds. 

One motor constitutes the power unit for top carriage 
raising, mount lifting and mount traversing. This motor 
when raising the top delivers 40 H.P. at 800 
R P. M., capable of raising the top earriage from travel 


earriage 


ling to firing position in 5 minutes, 

Lowering the top carriage from firing to travelling posi 
tion is done in 24% minutes when the motor delivers 12 
H. P. at 1480 R. P. M. When elutehed into the mount 
liftine mechanism the motor when delivering 24 H. P. at 
1,100 R. P. M. will raise each end of mount 5 inches in 50 
The total 
10 seeonds. 


seconds. time to raise the mount is 1 minute, 

This motor when traversing mount on 360 degrees em- 
placement and delivering from 7 to 12 H. P. at 1,480 R. 
P. M. will traverse mount through 360 degrees in 3 min- 
through 360 degrees by hand 
300 turns of 
erank and approximately 3,600 turns of slow motion hand 


traverse is approxi- 


utes. To traverse mount 


power requires approximately fast motion 


wheel. The speed of carriage 
mately 1% mil per turn of handwheel. 

One 15-horsepower motor constitutes the power unit for 
The maximum 


top 


the shell and powder hoisting and slewing. 
speed of hoisting and slewing of the shell and powder is 
approximately the same, namely, 140 feet per minute. 

The supply of ammunition to this mount when on 360 
degrees emplacement is by shell and powder ears on a cir 
cular track similar to the 16-inch barbette carriage, model 
1919, and 16-inch howitzer carriage, model 1920. The sup 
ply of ammunition when on the outrigger or field emplace- 
ment is from an ammunition ear direetly to the rear of th 
mount, 
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It is possible to fire this mount from its trucks from sev- 
eral different positions of a curved track. Beams on which 
is rested the pintle at the center of the carriage are pro- 
vided for three different positions. These relieve the rails 
from the stresses of firing. Four outriggers with nickel- 
steel floats at the rear, and two at the front hold the ear- 
riage in position and transmit the horizonal component of 
the firing stresses to the ground. It should be possible to 
go into such position in less than one hour since no spe- 
cial foundation is needed. 

When fired from a permanent emplacement a cast steel 
base plate bedded into and securely fastened to concrete is 
provided upon which the lower pintle plate containing the 
roller bearing is bolted; on a base ring, made in six see- 
tions, having a mean diameter of 32 feet 4% inches, rest 
the geared traversing rollers. In this position it would be 
equivalent to any fixed carriage for coast defense work. 

The estimated dead load coming on the center pivot of 
the emplacement is 466,000 pounds and the dead load 
coming on the rear support or base ring is about 106,000 
pounds. The total weight of this mount ineluding the 
gun and the trucks is approximately 659,620 pounds. 

As previously described the earriage is provided with full 
electric equipment for firing, lighting, traversing, elevating, 
loading, top carriage raising and mount raising, the ecur- 
rent being furnished by a 50-kilowatt generator rated out- 
put at 1,200 R. P. M., direct current at 120 to 125 volts, 
the generator being totally inelosed, fully self-ventilated, 
water-proof, compound wound with commutating fields and 
momentarily to have an overload of 100 per cent. This 
generator is driven by a Sterling gasoline engine, six eyl- 
inders, 534 inches by 6% inches, 130 to 145 H. P., 1,200 
R. P. M., ignition being by Berling magneto starting sys- 
tem North-East type and gravity fuel supply. 

This power plant is mounted on the forward end of the 
front span bolster and entirely inclosed, doors being pro- 
vided for ready access to vital parts. When the gun is 
mounted on a permanent or concrete emplacement and the 
trucks removed, a cable reel mounted near the power plant 
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on the truck provides the necessary means of connecting 
the eleetrical units on the carriage with the power plant. 

A two-stage, single acting, duplex, water-cooled air com- 
pressor having a piston displacement of 51 eubie feet free 
air per minute at about 350 R. P. M. and an actual delivery 
vapacity of not less than 35 eubie feet free air per minute 
operating at a working or final pressure of 175 pounds per 
square inch, driven by a totally inclosed, water-proof, com- 
pound wound motor, 20 H. P. at 1,200 R. P. M. rated speed, 
non-reversing and designed for use with 110 D. C. cireuits 
is provided for this carriage. The controlling apparatus 
consists of a protective panel, switch panel, resistor box 
and drum controller. Compressed air is used for operating 
the breech mechanism and expelling the gases after firing. 

The elevation of the gun is obtained both by hand power 
as well as by electric motor located on the inclined top sur- 
face on the right side frame, the motor being totally in- 
closed, water-proof, shunt wound with commutating fields, 
15 TH. P. at 500 R. P. M., constant speed, non-reversing, 
and controlled by a Waterbury Tool Co.’s speed gear, Size 
10, Type K. 

Figure 1 is a partial front and side view showing the 
power plant, the air compressor with its motor as well as 
the motor equipment required for raising and lowering the 
gun to either the firing or travelling position. (While the 
loading truek is shown at the rear of the girders, the col- 
lapsible crane arrangement as well as the gravity loading 
device are not shown in this pieture, as at the time of this 
writing ereetion had not been accomplished. ) 

In Figure 2 the gun is shown in firing position with side 
frames raised and the firing support in place, the gun being 
at zero elevation. 

Figure 3 depicts the carriage in its travelling position 
with the gun at an elevation of 3% degrees, the highest 
point being about 14 feet from the top of the rails. 

Figure 4 is a side elevation of the general drawing of 
this carriage showing by full lines the top earriage and 
gun in firing position and by projection lines is shown 
these parts in the travelling position. 
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Ordnance Automotive Development 
Since 1918 


BURTON 


Meml 


HE 


and development 


Ordnance Department is assigned the design 
of track-laying 

Army, classified generally as tractors, tanks, motor 
carriages, reconnaissance tractors, motoreyeles, power and 
hand earts. Track-laying vehicles had not been seriously 
considered for Army use prior to the World War, and it 
until 1916 that 


tractors were issued to artillery organizations of the United 


was not a number of modified commercial 


States Army for actual serviee test. The advantages of 
type for artillery pur- 
The pre 


motor traetion of the “eaterpiller” 
poses were early recognized and appreciated. 
liminary service tests indicated, in a measure, the desir 
able military characteristics, with the result that in the 
fall of 1917, when orders were placed for the produetion 
of 5-ton and 10-ton artillery tractors, Ordnance specifica 
tions covering, generally, the military requirements were 
available. Great impetus was given motor traction in our 
Army by the World War, and post-war developments have 
closely followed the requirements as shown to be necessary 
by aetual service conditions. 

From the beginning of this experimental work and econ 
tinued with ever-increasing beneficial results, the Ordnance 
Department has fullest 
extent with the automotive industry of the United States. 


endeavored to co-operate to the 
It is realized that the automotive industry of this country 
is recording remarkable progress in practically every phase 
of automotive engineering, and through such co-operative 
efforts the Ordnance Department seeks to incorporate com 
mercial progress in the special designs of Ordnanee track 
laying vehicles being produced for Army use. Through 
personal eontact with the Ordnance Advisory Cominittee 
of the Society of Automotive Engineers, leading engineers 
material and 


manufacturers of automotive 


equipment, the Ordnance Department has been able to keep 


and accessory 


in close toueh with this great industry of the country. 
Although quite satisfactory progress has been made in 
the development of track-laying vehicles since their com 


paratively recent introduction into army use, the entire 


program is still in too early a stage of development to 
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vehicles for the 








Track Suspension, C 


O. LEWIS 


permit the drawing of definite conelusions or considering 


as the final solution any of the types so far produced. It 


is my purpose here to cover briefly the status of the de 
velopment of this special automotive equipment found 
necessary for army use, pointing out some of the engi- 


neering features which may be of interest to the commer 


cial automotive engineer, as well as some of the problems 
requiring solution. 

The essential difference between the requirements of the 
vehicle 


and the commercial 


To faeilitate mobility and in 


military track-laying vehiel 


s in the matter of speed. 
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Fig. 1. 


Divisional Artillery Tractor, Model 1920 


order not to impede the progress of supply truck columns, 


the military track-laying vehicle must be capable of sus 


tained speeds of twelve to fourteen miles per hour when 


/ 


traveling on the roads, whereas for commercial vehicles, a 


the present time a maximum speed of not more than 5 or 6 


miles per hour is entirely satisfactory. It may possibly 


be that in the future, commercial demands will be for con 


siderably higher maximum speeds of track laying vehicles 


hut to the best of my knowledge such is not the ease alt 


the present time. It thus becomes necessary for the ord 


nance engineer to lead out in undertaking the development 
this 


of track laving vehicles capable ol relatively hich 
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speed. This eucves! to bring out the difference in the 
points of view whigh must necessarily exist between the 
commercial engineer land the ordnance engineer, as well as 
the different angles from which their more or less related 
problems must be att§Acked. The commercial engineer, from 
his basie business trlbning, endeavors to produce material 
for rather immediate use, or in other words, the material 




















Fig. 3. Army Tractor, Model 1921 


for which there is an existing market. The Ordnance en- 
gineer, on the other hand, must visualize and attempt to 
fulfill the needs of the future, in order that the special 
Ordnance designs may be thoroughly developed, tested, and 
proved, in advance of the outbreak of a national emer- 
gency, to insure the minimum of preparedness. 

With the exception of this matter of speed, the require- 
ments as to cost, productivity, fuel economy, dependa- 
bility, long life, accessibility for maintenance and repair, 
are problems common to both the commercial and Ordnance 
engineers in the automotive field. While these features 
are important and necessitate careful study in the design 
of any automotive vehicle, they are not special to ordnance 
design, and will, therefore, not be especially considered ex- 
cept as they may apply to some particular design. 

The development of ordnance automotive equipment since 
the armistice has generally been in aecordance with the 
recommendations contained in the Westervelt Board re- 
port. This Board of carefully seleeted experienced officers 
was convened by the War Department shortly after the 
armistice for the purpose of analyzing the experiences of 
the World War and making recommendations on all ques- 
tions pertaining to artillery matériel. All data, experi- 
ences, and recommendations gained as result of the World 
War have been most carefully analyzed in aecurately de- 
termining the military requirements and charaecteristies of 
track-laying vehicles. At the same time, the fact that this 
equipment is largely special has not been lost sight of, and 
every effort has been made to reduce the number of these 
vehicles to the fewest possible. 

While this inerease in speed for military track-laying 
vehicles above that required in the commercial track-laying 
vehicle may not appear to be very great, such serious 
complications have been encountered in actual tests as to 
indieate that possibly an entirely different design of track 
and vehicle suspension may eventually be required. ‘The 
wear and tear on the suspension and track members of a 
military track-laying vehicle of construetion similar to the 
conventional commercial tractor, when operated at the pre- 
seribed speeds over hard and somewhat rough stony roads, 
necessitates almost The 
tions of traek and vehiele suspension are two of our most 
diffieult problems, upon whieh a large amount of research 
and development work is being done at the present time. It 
the detailed comments on the individual 


prohibitive maintenanee. ques 


will be noted in 


vehicles that several types of suspension and track have 
been developed and placed under test in the attempt to 
solve this perplexing problem. The Ordnance Department 
is now inaugurating an extensive program at the Rock 
Island Arsenal, Illinois, for the investigation and develop- 
ment of tracks. 

The problem of obtaining suitable engines for ordnance 
automotive vehicles is gradually solving itself due to the 
continued expansion of the field of commercial engine de- 
velopment. Whereas during the recent war it was ex- 
ceedingly difficult and sometimes impossible to secure com- 
mercial engines—in certain eases necessitating the design 
of special engines—it is now considered that with the pros- 
pects of continued development in the automobile, truck, 
marine, and airplane field, no apprehension need be felt 
as to the availability of suitable commercial engines to 
meet the requirements of Ordnance automotive designs. It 
will, therefore, undoubtedly be possible for the Ordnance 
Department to adhere to the plan of utilizing standard 
commercial engines in development programs to the exclu- 
sion of designing engines of: special sizes and characteris- 
ties. By the use of available commercial engines is meant 
their utilization with the minimum of modifieations, which 
practically insures that the wearing parts, which consti- 
tute the usual spare parts, will be entirely standard and 
commercial. The Ordnance Department engine require- 
ments are generally for medium speed engines of rugged 
construction, eapable of sustained running at or near full 
load. 

In order that these military track-laying vehicles may 
be eapable of cross country maneuvering for any great 
distance independent of the roads, it neeessarily follows 
that they must also be independent to a certain extent of 
the bridges. This means that they must be able to nego 
tiate swamps and the smaller streams and rivers ordinarily 
encountered in cross country maneuvering. The degree of 
fording ability varies with the different types of vehicles. 
The lighter ones, such as the power eart, and the bulkier 
ones, such as certain tanks, are preseribed to float, while 
the vehicles of more eoncentrated weight, such as tractors 
and motor carriages, are required to ford streams of not 
more than 5-foot depth of water. Fer vehicles which must 
operate submerged or partially so, the power plants must 
be waterproofed. Some interesting experimental work has 
heen done by the Ordnance Department along these lines, 
although the problem has not as yet been finally and satis- 
factorily solved. Experimentally, it is perfeetly possible 
to so waterproof the various components of an engine as 
to permit of the engine functioning submerged and no 
cracking of the eylinder blocks has been encountered by run- 
ning a hot engine into the cold water. This plan of water- 
proofing the power plant, however, 
tight coating or covers over the various parts of the en- 
gine, such as the spark plugs, magneto, generator, ete., is 
believed to be impracticable for military vehicles. Not 
only does the addition of these extra parts add greatly to 
the complication and inaccessibility of the engine for ad- 


by means of water 


justment and repair, but aetual tests demonstrated that 
after about two hundred miles of running on hard roads 
sufficient of the water-tight seals invariably had been broken 
to render the waterproofing ineffective. This is a 
live subjeet, as it is essential that a cross eountry vehicle 
be equipped with a power plant eapable of being covered 
with water for at least a short time without stalling. 
Future experiments will probably attempt to perfect a 
more or less water-tight engine compartment, or at least 
one which éan be kept praetieally dry by the operation 


very 


of a seavenging pump. 
In the designs of these special automotive track-laying 
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vehicles considerable attention has been given to the ques- 
tion of the quality of material used. The tests of experi- 
mental vehicles have been most severe, and a conse- 
quence many failures both of design and material have 
been encountered. Anti-friction bearings have been used 
almost entirely, and it has generally been found that bear- 
ings of greater capacity than our calculations would in- 
dicate are required. The running of these track-laying 
vehicles through mud and swampy ground has developed 
the very serious problem of obtaining an efficient closure 
for the anti-friction bearings, especially those in the truck 
It was found that even where the closure excluded 


as 


rollers. 


sand and dirt, water would seep in, breaking down the 
lubricating qualities of the oil or grease in the bearings 


and causing excessive rusting. 
of track-laying vehicles 
these machines, 


show excessive wear of 
which have so far been 
ease-hardened. Further experiments 
in the future using heat- 
nickel-ehrome composition. 


Tests 
the gears used in 
of low carbon 
will, therefore, made 
treated alloy ot 

The Army Ordnance Department is keenly alive to the 
increasing commercial, tractor development on account of 
its connection with the more improved artillery tractor 
projects. Contact is being maintained between the Ord- 
nance Department and the commercial manufacturers in 
order that up-to-date information may be always available 


steel 
be near 


steels 


showing the trend of design and production possibilities. 

It has been pointed out in this article that there is a 
wide difference in requirements in commercial and artillery 
tractors, particularly as regards speed, but when the matter 
of production becomes involved every advantage would 
acerue to the Ordnance Department in being able to select, 


for artillery use, commercial tractors which are now being 


produced in large quantities. While it is realized that 
today there are but few, if any, commercial tractors in 
production which could meet the requirements imposed 


upon special ordnance vehicles regard to eross country 
performance, speed, durability, 
being conducted upon several of the most promising com- 
mercial types with the view of determining which ones 
more nearly the military 

Of the three types of artiliery 
construetion, namely, the army, corps and divisional models, 


weight and power, tests are 


meet demands. 


tractors in use or under 
the commercial substitute for the last gives the most prom- 
this thought there have been pro- 
under test the Aberdeen Proving 
commercial tractors: Fordson with 
with Hadfield-Pennfield Adapter, 


mind 
at 


and with in 
eured and are 


Ground, the 


ise, 
now 
following 
Fordson 


Bates adapter, 


ENTER OF GRAVITY 
CENTER OF wre, Bast 
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Best 30, Holt T-30, Holt T-35, and the Pavesi tractor of 
Italian manufacture. 

In its contact with commercial manufacturers it is the 


aim of the Ordnance Department to emphasize the mili- 
tary requirements in design in order that the commercial 
product may be modified from time to time, 
corresponding improvement in suitability. 


resulting in a 


Tractors 


It was at first believed necessary to provide four sizes 


of artillery tractors for Army use, designated by their 
approximate weights, as the 2%.-ton, 5-ton, 10-ton and 
15-ton. Further analysis of the funetioning of the 5-ton 
and 10-ton artillery tractors during the World War indi 


cated that the 5-ton tractor was not quite powerful enough 


for hauling the corps artillery material consisting of 4.7- 
inch gun and 155-mm. howitzer, and likewise that the 10 


ton tractor was too light for hauling the army artillery, 
consisting of the 155-mm. gun and the 8-ineh howitzer 


material. This in conjunction with the desirability of r 
dueing the number of 
resulted in the decision to provide but three sizes of trac 
tors for the artillery of the United States Army, 
designated tractor, the tractor 
and the army 


special vehicles to the minimum, 

service 
divisional 
tractor. 


as the corps 


Divisional Tractor 
Two pilot divisional tractors, model 1920, have been de 
The first pilot 
has completed approximately 800 miles of testing at the 
Aberdeen Maryland, with satisfae 
tory results for a pilot vehiele. The after 
preliminary testing by the Ordnance has 
recently been shipped to the Field Artillery Board at Camp 
Bragg, North Carolina, for testing. There 
number of in this tractor, 
especially the type of track suspension as shown by th 
accompanying illustration (Fig. 1) more 
flexible than any previous design used by the Ordnance De 
partment. The change through celuteh 
levers makes it possible to seeure four forward speeds and 
An illustrated detailed deseription of this 


signed, constructed and placed under test. 


Proving Ground, very 


second pilot 
Depart ment 
service are i 


interesting features design of 


which is much 


speed set two 
in 
transmission gearing was published in the Artillery Division 
Notes of Army May-June, 1922. Special 


attention has been given in to the 


two reverse. 


for 
this design 


ORDNANCE 
requirement 
aecessible to facilitate 


weighing approxi- 


that all major assemblies be readily 
replacement in the field. This tractor, 
mately 7,200 pounds and equipped with a White sixteen 
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Army Tractor, Model 1922 
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Fig. 5. 


valve 60 h.p. engine, is eapable of sustained speeds of 
twelve miles per hour on good roads, with a maximum of 
sixteen miles. 


Corps Tractor 


A corps tractor, Model 1921, has been designed and the 
manufacture of a pilot vehicle is nearing completion at 
the Roek Island Arsenal, Illinois. This design of tractor 
will weigh approximately 15,000 pounds, develop a draw 
bar pull of about 15,000 pounds, and be eapable of a 
speed of twelve miles per hour in hauling its preseribed 
load over good roads. This tractor is equipped with a 
Sterling GR 4-eylinder engine, 5°4-inch bore by 6%4-inch 
stroke, developing 120 brake horse power at 1200 r.p.m. 
A very interesting feature of this design is the type of 
track suspension which is shown in the accompanying 
eut. (Fig. 2.) The track shoe design is of the same type 
as that on the divisional tractor, model 1920, which has 
proven very satisfactory in the preliminary tests of that 
vehicle. The transmission is a constant mesh three speed 
transmission with a superimposed two speed and reverse 
transmission, giving six speeds forward and three in re- 


verse. Having in mind the desirability of constructing a 

















Christie Tank 


Fig. 6. 


tractor for use either as a wheeled or track-laying vehicle, 
there is incorporated in this design provision for front 
wheel steering in conjunction with a design of transmission 
the 
As now being manufac 


allowing the application of power to eaeh of two 


driving sprockets independently. 


tured, this tractor will be equipped with the conventional 





Medium Tank, Mode! 1921 


type of track, but studies are being made to secure a 


satisfactory type of suspension and track to make this a 
convertible vehicle. Upon completion of the design and 
manufacture of is planned to 
apply them to this vehicle so that a thorough test may be 
track- 
laying machine and as a convertible wheel and track-laying 


these alternate parts, it 


had of this size of tractor both as a conventional 


vehicle. 
Army Tractor 

Two types of army tractors have been designed, model 
1921 and model 1922, and are being manufactured at the 
Rock Island Arsenal. This type of traetor, weighing some- 
what more than 15 tons, is designed for hauling at speeds 
up to 12 miles per hour on good roads, the 155 mm. guns 
and 8-ineh howitzers accompanying an army in the field. 
The power plant used in these army tractors is a Sterling 
GR 6-eylinder engine, 5%4 inch bore by 6%4 inch stroke, 
developing 180 horsepower at 1200 r.p.m. The model 
1921 and 1922 tractors are similar in design except for 
the track suspension rear axle, and tracks. The 
1921 is nearing eompletion and the accompanying illus- 
(Fig. 3) shows very clearly the design of sus- 
The track is of the more 
or less conventional “eaterpillar” type. 

The army tractor, model 1922, will be equipped with a 
chain suspension and flexible track. This type of sus- 


mode] 


tration 
pension used on this traetor. 


pension and track is similar to a recently developed ex- 
perimental English design which has given extremely 
promising results. This suspension (Fig. 4) consists of a 
series of bogies with two truck-wheels per bogie, each 
connected by shackles to a cross-bar on a vertieal plunger 
shaft. This shaft slides vertically in and is supported by 
a cylinder rigidly attached to the main frame. At the 
upper end of this plunger shaft is a roller over which the 
suspension chain passes. Between the bogies are inter- 
mediate rollers, thus equally distributing the weight of 
the vehiele to the bogies. 

This construction allows a bogie wheel or entire bogie 
to move both vertically and laterally. The tracks, instead 
of having the usual pin and bushing hinge joint of the 
conventional “eaterpillar”’ track shoe, are joined together 
with ball-and-socket joints between shoes, allowing a lim- 
ited motion in any direction for any one shoe with refer- 
ence to the next. This construetion of the track, together 
with equalization of the hogies, permits of the track fol- 
lowing the contour of the ground as well as permitiing the 
track to be laid down in a eurve over which the bogie 


wheels run as the vehiele turns. This type of suspension 




















and track does not permit of the tractor turning in place, 
but only on the are of a cirele similar to a truck or auto- 
mobile. A minimum turning radius of about thirty feet 


controlled means of irre- 


versible worms in the differential equal speed of the two 


is fixed by a (lifferential. By 


Fig. 7. 


tracks is maintained when desired. For turning there is 
provided for each side a brake geared epicyclieally to the 
differential. Application of the brake to either side causes 


the traetor to turn in that direction. 


Tanks 


The 


Ordnanee 


Department has actively earried on a 
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for tanks as for the other vehicles. 








95 


large amount of tank development work since the armi- 


stice and has recently completed the manufacture of three 
experimental medium weight tanks. Sustained running 
speeds of twelve miles per hour on the roads are pre- 


seribed for these tanks, ranging in weight from 15 tons to 


15S-mm. Gun Motor Carriage, Model 1921 


25 tons, so that the Ordnanee Department has practically 
the same problem of suspension and track development 


Two of these experi 
mental tanks are of ordnance design, while the third is ¢ 
convertible wheel and track-laying vericle, designed and 
the Front Motor 
Priority is being given at the present 


manufactured by Drive Company ol 


Hoboken, N. J. 
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time to the development of the medium weight fighting 
tank, in which it is desired to incorporate all of the man- 
euvering ability possessed by the light tank on rough 
terrain, together with the advantages of cannon and 
machine gun fire possessed by the heavy tanks, with armor 
afford protection against small arms and 
bullets. These three designs have been eare- 
out with a view to obtaining, by means of 


sufficient to 
machine gun 
fully worked 
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Fig. 8. Dodge Light Repair Truck with ‘“‘Chase’’ Track 

their test, the maximum amount of engineering data for 
use in the development of fighting tanks. The power 
plant in the ordnance tanks is a 6-ceylinder, 644-inch bore 
by 74-inch stroke, Murray & Tregurtha engine, develop- 
ing 250 horsepower. 

The medium tank, model 1920, is of the spring suspen- 
sion type of construction, with a rather novel design of 
the conventional type of track shoe. Track lubrication 
and grouser action are two troublesome problems of track- 
laying vehicle design, which it was attempted to solve in 
the track of this tank. Military track-laying vehicles 
must be able to travel on good roads without injuring 
them and also, by means of grouser action, obtain the 
maximum tractive effort possible for their weight in man- 
euvering over difficult eross country terrain. Detachable 
grousers are difficult to fasten to bent and worn shoes 
packed with mud, while the time required might prove a 
very serious military handicap. On the track shoe on this 
tank the grouser, in the form of a flat lug, is an integral 
part of the shoe, cored out to form an oil pocket. A 
small hole allows the oil to flow slowly from this oil 
pocket around the track pin, while a filling plug on the 
upper surface of the track shoe’ provides a means of re- 
filling this oil reservoir. This particular design of track 
shoe, therefore, is intended to eliminate both the track 
lubrication and grouser problems. How well this design 
will accomplish its objectives can only be determined by 
extensive test. 

The model 1921 medium tank, also of ordnance design, 
is of quite radicaliy different contour. It will be noted 
from the illustration (Figure 5) that the rear end of this 
tank is considerably higher than the front end. This is 
intended to afford the tank greater tractive effort at the 
rear in climbing out of shell holes and trenches. The 
question of the contour of the track has apparently not 
heen experimented with commercially, although it is of 
vreat importance in tank design. This tank is equipped 
with cable suspension and a partially flexible track. 
Kither end of an individual track shoe ean rock vertically 
»ut it has absolutely no flexibility laterally. Considerable 
thought and study has been given to the question of tank 


controls. A medium or heavy weight tank is a very un- 


wieldly machine for the operator to drive, and when con- 





trolled manually through a system of levers and rods 
severely taxes the endurance of even a strong man. The 
model 1921 tank has been experimentally equipped with 
pneumatic control in lieu of the conventional manual con- 
trol, in order to facilitate ease of maneuvering. This 
tank, manufactured at Rock Island Arsenal, has just 
started on its preliminary shop tests, which indicate that 
this pneumatic system of control is a practicable feature 
for heavy vehicles. 

The accompanying photograph 
medium tank of the convertible 
type manufactured by the Front Drive Motor Company, 
Hoboken, N. J., negotiating a _ difficult trench. This 
stresses one of the desirable characteristics of tanks; that 
is, of possessing the greatest possible amount of bridging 
ability which enables the tank to span trenches rather than 
dropping into them. Very careful distribution of the 
weights are necessary with the center of gravity of the 
vehicle as near to the center as possible. A tank of this 
tvpe has the very advantageous feature of being able to 
travel as a wheeled vehicle on the roads, which produces 
the vehicle than if it were 


(Figure 6) shows the 
wheel and track-laying 


destructive vibration to 
a track-layer. 

There are a number of accessory features pertaining 
to the fighting tank, the development of which has been 
carried on simultaneously with the development of the 
To provide satisfactory all around vision 
commander, a stroboscope has been devel- 


less 


tank proper. 
for the tank 
oped, which, under the preliminary testing now being con- 
dueted at the Aberdeen Proving Ground, has given very 
satisfactory results. A satisfactory system of intereom- 
munication for tanks has developed, which, after 
thorough testing, is now being installed in the large Mark 
VIII tanks in service. The question of armor for tanks 
is always a live subject. The percentage of the weight 
of a tank which goes into the armor plate protection is 
very considerable, and with the continually inereasing ef- 


been 


fectiveness of projectiles it is necessary to vigorously and 
continuously pursue the development of superior armor 
plate. 

Motor Carriages 

The motor carriage, a design in which the gun, with its 
recoiling mechanism, is mounted directly upon a self-pro- 
pelled chassis serving both as a transporting and firing 
arriage, is a comparatively recent project in artillery 
material. This development inaugurated during the latter 
part of the World War, pradtically simultaneously in 
France and in the United States, in the effort to afford in- 
creased cross country mobility to the artillery has pro- 
gressed satisfactorily with ‘promise of ultimate success. 
This design combines all of the problems of the high speed 
track-laying vehicle with those of the gun earriage inci- 
dent to the firing stresses. Sustained running speeds ot 
twelve to fourteen miles per hour on good roads are pre 
seribed for the motor earriage, as for other ordnance auto- 
motive equipment. The program for the development of 
motor earriages contemplates one motor earriage mount 
ing, interchangeably, either the gun or howitzer for the 
divisional, corps, and army artillery, respectively. 

Divisional Motor Carriage. 

The divisional motor earriage has proven a very inter- 
esting development problem, and in the field of ordnance 
automotive vehicles it has served more or less as a leader 
in testing out a number of the diffieult high speed fea 
Sinee the armistice two designs of divisional motor 
been 
very 
91/,. 


tures. 
carriages of the conventional track-laying type have 
manufactured and tested. The first pilot followed 
closely the general lines of design of the war-time 
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tun tractor, model 1918, and is equipped with a Cadillac 
jouring car engine. ‘This experimental vehicle, in spite 
of considerable maintenance, has to date completed nearly 
2,000 miles of testing at the Aberdeen Proving Ground, 
Maryland, and is still in serviceable operating condition. 
It has been the pioneer in its field, and as a result of its 
exhaustive test a large amount of valuable engineering 


data has been accumulated, including the tests on the 
waterproofing of engines. 
The second design of divisional motor carriage was 


completed in the summer of 1921 and has been under 
test at the Aberdeen Proving Ground since that date. 
Immediately after the armistice when this design was laid 
down, it was thought that these carriages should possess 
speeds of twenty-five to thirty miles per hour. While 
such extremely high speeds for track-laying vehicles were 
unheard of, it was considered advisable to investigate 
their possibility, so that in this design every consideration 
was made secondary to the matter of speed. The power 
reyuirements for such speeds necessitated a large engine, 
which, in turn, demanded heavier construction throughout 
the vehicle, with the result that this pilot is some 2,000 
pounds heavier than the first design. The tests of this 
motor carriage indieate very clearly that any such high 
speeds with the present design of conventional “cater- 
pillar” vehicle are impracticable, necessitating almost pro- 
hibitive maintenance and resulting in a very short useful 
life of the vehicle. The more conservative 
twelve to fourteen miles per hour on the roads, or ap- 
proximately truck speeds, are now considered to be all 
that are necessary. 

Realizing the effects of vibration the 
struction of this vehicle incident to high speed on the 
roads and also in the effort quiet 
some interesting installations of rubber were effected in 
this design. Rubber tired truck supporting rollers, front 
idlers, and driving sprockets were employed. The front 
truck roller only was rubber tired, as this roller does not 
normally carry any of the weight of the vehicle but the 
slapping of the track against this roller causes consider- 
able noise when the vehicle operates at high speed. 
applieations of rubber have been proven by the test of 
this vehicle to entirely practicable, the cushioning 
effect of the rubber not only eliminating a considerable 
amount of vibration but also insuring quieter operation. 
Rubber padded track shoes were experimented with on 
this machine combined with a very light weight track in 
the effort to further facilitate high operation, 
These rubber pads were rather difficult to install in the 
track and while the rubber withstood ordinary 
travel on the road very well and caused the vehicle to ride 
much more smoothly, these pads were very quickly de- 
stroyed when the vehicle was spun in place on sharp 
stone or rough, rocky roads. It is pretty definitely con- 
cluded as a result of these tests that rubber padded track 
shoes are not practicable for track-laying vehicles designed 
to turn in place. Rubber padded track shoes, however, 
are still considered to feasible on a vehicle which ex 
ecutes only radius turns, and future experiments will un- 
doubtedly be conducted with rubber padded shoes on the 


speeds of 


intense on con- 


to secure operation, 


These 


be 


speed 


shoes 


be 


flexible type of track such as is now being applied to the 
army tractor, model 1922. 

A divisional motor earriage of the convertible wheel and 
was procured from the Front Drive 
Hoboken, New Jersey, in order that a 


track-laying type 
Motor Company, 
test of that type of com 
parison with the conventional track-laying type. This 
particular vehicle, rather hurriedly designed and manu- 
factured, has heen exhaustively tested at the Aberdeen 


vehicle could be seeured in 
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SINCE 1918 


this 
vehiele is far from being satisfactory due to many mech 


Proving Ground, Maryland, and while particular 


anical defects, considerable engineering data has been 


compiled, which is available for future design studies ol 
this type. 

in developing divisional 
Ordnance Department has had the whole-hearted co-oper- 
our artillery service, and to insure the incor 


these motor carriages, the 
ation of 
poration in these designs of the characteristics necessary 
for their military usefulness, duplicates of each of these 
were forwarded to the 


pilot divisional motor carriages 


Field Artillery Board for service testing. 


Corps Motor Carriage. 


The manufacture of a pilot corps carriage, mounting, 
interchangeably, either the 4.7-inch gun or the 155 mm. 
howitzer, is nearing completion at the Rock Island Arse 
nal, Illinois. Although this will be the first corps motor 
carriage constructed, every effort has been made to in- 
corporate in the design the experiences gained by the test 
of existing pilot the 
army types. Every effort has been made to eliminate un 
with care 


motor earriages of divisional and 


necessary weight as far as thought consistent 
ful design and good engineering practice. The character 
a fully sprung body, equalized 
and jointed truck the ot the 
rollers, idlers, and drive sprockets to elimi 
While 
of 18 miles per hour, this motor carriage is designed for 


isties of this design are 


frames, and use rubber on 


supporting 


nate vibration. powered for a maximum speed 


sustained speeds on the roads of 12 to 14 miles per hour 
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Hand Cart 


The power plant is a four-cylinder Sterling, 5°4 inches 
by 6% inches, similar to the engine in the 7!9-ton corps 
tractor, except that all four cylinders are inclined to the 
left at an angle of 45°. This is quite a radical departure 
from ordinary engine practice, but no difference in the 
functioning of this engine was noted in its performance 
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This resulted in re 
ducing the overall height of the engine some six or seven 
inches, which was a material advantage in lowering the 
height of the axis of the A practically standard 
commercial engine was thereby for this design 
with the substitution of a special crank ease. The esti- 
mated weight of this completely assembled motor carriage 
is 20,000 pounds, which compares quite favorably with 
the 14,500 


pounds plus a 


on the testing block. modification 


gun, 
secured 


corresponding wheeled carriage weighing 


15,000-pound traetor. 


Army Motor Carriage 


In the development of the army motor carriage, both 
the conventional the 
and track-laying types have been experimented with. 


wheel 
A 


battery of 155 mm. gun motor carriages of the convert- 


track-laying and convertible 


ible wheel and track-laying type was tested at Camp Jack 
son, S. C., by a brigade of Coast Artillery. As 
sult of this test and the very excellent reports submitted 
to 
correct as many of the defeets as possible and is now un- 
at the Proving Mary- 
Two pilot motor carriages of the conventional track 


au re 


covering it, one of these motor carriages was rebuilt 


dergoing test Aberdeen Ground, 
land. 
laying type have just recently been completed and placed 
under test the Aberdeen Proving Maryland. 
The power plant this Ster 
ling 6-eylinder, 5°4 inches by 6%4. inches, marine engine, 


at Ground, 


in motor carriage is a 


with the cylinders all inclined to the left at 45° to give a 
lower overall height. 
speeds of 12 to 14 miles per hour on the roads. 


This motor carriage is capable of 
A 


ing characteristic of this motor carriage is the extremely 


strik 
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low height of the axis of the gun, 65 inches, which per 
mits the loading of this gun from The ap 
proximate weight of this completely assembled motor car 
riage is 45,000 pounds as compared to the weight of ap 


the ground. 


proximately 62,000 pounds of the former design produced 
in 1918. 


Accessory Automotive Track-Laying Vehicles 


of experimental work is being 


Ordnance Department 


A large amount also 
conducted the at the 


time in the development of special aceessory track-laying 


by present 
vehicles for the cross country transportation of person 
nel and supplies of motorized artillery organizations and 
the accompanying cannon, machine guns and ammunition 


of infantry organizations. For these purposes, two sizes 


of reeonnaissance tractors are being developed, weighing 
800 pounds and 1,600 pounds, respectively, and two sizes 
of tractor power carts of 600 and 900 pounds, respec 


Both of 
floating with their prescribed loads. 

The infantry hand cart is a small light two-wheel eart, 
This 


carrying the infantry machine guns and ammunition, and 


tively. these types of vehicles are capable ot 


weighing 35 pounds. cart is specially adapted to 
will be drawn by two men. 

ot 
tion have been applied to standard vehieles, such as the 
Ford the Dodge light repair truck, the 
Militor eargo truck, and also to special trailers of 34-ton, 


Light-weight tracks fabrie and wire eable construe 


passenger car, 


l44-ton, and 3-ton capacity, thus giving to this wheele: 


material cross-country mobility. 


Ordnance Officers at Camp Dix 





A number of 
reserve ordnance 
officers attended 
recent R.O.T.C., 
Camp Dix,N. J., 
from July 18 to 
2. The 


camp was keen- 





August 


ly enjoyed by 
all and mueh 
valuable in- 


struetion and 
information was 
The 


terrain exercises 


ree eived. 





by reason ot 
their engineer- 
ing training 


were able to ar 





rive at good so- 
the 


ot 


lutions by 
ap plication 
engineering 
pr ine] ples of 
to the 
lt is 
the desire of the 
to 
extend this work 


analysis 


problems. 
Department 


as funds be 
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were especially come available. 
‘ ~Qetive , Lower (left to right): Lt. Max L. Simon, Capt. Henry G. Roberts, Capt. Langdon W Ws. cahadnia 
attractive to the Howard, Capt. Joseph H. San, Lt. Charles W Kingsbury, Lt. James A. Wright Phe s¢ hedule ol 
. . 5 nara Upper: Lt. Lewis P. Robinson, Lt. Leonard A. Haskett, Maj. Cyrus F Judson, Maj. J. 8S an ane reg 
student offic .e, Hatcher (Instructor), Capt. Van Der Hayden (Instructor Maj. Edw. L Sherwood, Lt instruction wi 
many of whom Frederick S. Parsons, Lt. Robert J. Fee as follows: 
Schedule of Instruction July 21st—Artillery Repair Truck Inspection, description 
Instructor, Maj. J. S. Hatcher, Ordnance Dept. of machine and tools, and operation. 

Terrain Exercises—7:15 a. m. to 11:00 a. m. July 22nd.—General Lecture. 

General Leetures—11:00 a. m. to 12:00 noon. July 24th—Ordnance storehouse, inspection, deseription 

Demonstrations—1:15 p. m. to 3:30 p. m. of stores and storage. 

Ordnance Problems—Following demonstration, 1 hour July 27th—Tank Repair Shop, demonstration of Tank 
duration. repair work, 

Ceremonies—Following drill, one-half hour duration. July 28th—Visit to Frankford Arsenal. 

July 19th—Tables of Organization. July 3lst—Camp Ordnance Office; deseription qf prop 


July 20th—Maintenance Company Administration. 


erty accountings. 



































Munitions Supply in an Army Area 


By 


J. K. CRAIN 


Member, A.O. A 


N a lecture given in 1919, General Charbonnier, of the sionally have a gun ruled out and be required to replace 

French Naval Artillery, gives a quotation from the it with a new gun. The same scheme should be followed 

dedication of a book written by a ballistician named with machine guns, ett. In the ordinary maneuvers am- 
Blondel after the treaty of Westphalia nearly three hundred munition lasts forever and no attempt is made to carry 
years ago. This quotation is so striking at the present out the details of replenishing the ammunition supply. 
time that it is worth repeating in full: Staff officers should be given the opportunity in man- 


, , : , , euvers to provide for supply of munitions and thus ean 
“At a time when Your Majesty has just given peace to PP" : 


Europe and at a time when it would seem that the science 
of artillery will in future be used only in the preparation 
of firework displays, my offer to Your Majesty of this 
Treatise on ‘The Art of Throwing Bombs’ would appear to 
be inopportune. 

“T hope nevertheless that my work will not be wholly 
disagreeable to Your Majesty and that you will be pleased 
to find in it thé rules of an art used to some advantage by 
you in your conquests, rules constituting not the least fae- 
tor in your victories. I dare flatter myself that Your 
Majesty will approve my aim of preventing the demise of 
so noble an art, for I have reduced it to the precision of 
mathematies so as to afford students of the art the means 
of perfecting themselves in it. Moreover, Sire, in all truth Supply of Arms 
it is in time of peace that the business of war should be : 
studied. The acquisition of knowledge should not be de- 
layed until necessity for its application arises.” 


see what this supply in war really entails. The peace time 
methods can in this way be tested, and where necessary, 
improved. 

The ideal system for supply of munitions would be one 
that would create an uninterruptéd flow from the factories 
to the combat troops. This entails reservoirs called depots 
to absorb the surplus and provide a reserve during periods 
when the army rate of consumption is exceeding the rate 
of production. The depots also give flexibility in that the 
flow from them can be directed to first one point and then 
another as the need arises. 

The issue of munitions can be divided into two general 
classes: Supply of Arms and Supply of Ammunition. 


After manufacture and test, arms are started to the front 
by way of the depots. They remain under the control of 
the War Department until the theater of operations is 

The issue of munitions is a most important one in time reached, when the control passes to the commander of the 
of war. In time of peace its great importance is sometimes field forces. The next jump is to the depot and control of 
lost sight of. The vital principles governing it are neg- one of the armies of the field forces. 
lected, yet in time of war the weight of munitions to be Each unit that controls the supply of arms not’ only 
transported to the front and the cost of these munitions cares for and sends forward arms, but must keep accurate 
form a large part of the matériel used and money ex- track of them. This means that a system of book-keeping 
pended in prosecuting the war. must be instituted and maintained by the directing agency 

The issue of munitions in war time is subjected to two to the end that an intelligent distribution of the available 
important requirements; first, the combat troops should be supply can be made. This is a most important point and 
kept fully supplied with munitions at all times; second, the one that is often condemned. I will refer to this point 
munitions must be economically issued so that the supply _ later on. 
will not be inadequate at critical periods. The system of supply of arms within the army that is 

No matter how productive a country may be, intelligence recommended as a result of the experience of the last war 
must be used in issuing munitions or a catastrophe may re- is in general as follows: 
sult due to shortage at the eritical point where the crisis For divisional artillery cannon a small reserve of guns 
arrives. You are all familiar with the failure of the am- and carriages will be carried by the Ordnance Maintenance 
munition supply of the American Army at Bunker Hill. Company that repairs these eannon. This shop will also 
This is probably the best known instance in American His-_ carry a stock of the various components of the cannon and 
tory of failure of supply. The famous order to “wait until carriages. The number of parts carried will depend upon 
you ean see the whites of their eyes” was given at this bat- the size and weight of the part, the probability for the use 
tle, showing that the line troops were properly economical of the part, ete. During the last war it was found from 
in using munitions, and that the supply service evidently experience that a division shop should carry, when it could 
had fallen down. This might be expected under the state get them, two 75 mm. guns on earriages, two extra tubes 
of organization of thd American Army of that time. and four extra recoil mechanisms for 75’s. In addition, an 

Therefore, in peace time a scheme for issuing munitions assortment of parts such as firing pins, lanyards, a breech 
Should be devised that will meet the requirements above _ block or two, ete., were carried with the shop. 


mentioned in war. It should be certain and simple in its When a complete gun on its carriage was required by 
application and flexible to meet the varying conditions of — the artillery in active seetors, the latter sent the disabled 
war. gun to the Ordnance Maintenance Company where it was 


In traihing troops, the details of supply of munitions exchanged for one of the serviceable ones. The Shop then 
should be earried out as faithfully as the details of an at- repaired the crippled gun and placed it in stock. If a gun 


tack by combat troops. Artillery on maneuver should ocea- and carriage were completely wrecked it was not moved but 














andl 


all serviceable parts were stripped from it and it was aban- 
doned. In this case the Maintenance Company issued one 
of its reserve guns and requisitioned a new one from the 
Army. ‘This seheme permitted the artillery as a rule to 
keep all their guns in action. In quiet sectors this would 
not be done. The Maintenance Company would repair the 
crippled piece and when made serviceable, return it to its 
owners. In this case the number of guns on the line would 
be decreased by the guns undergoing repairs. 

Issue and maintenance of arms are thus closely inter- 
woven. To issue parts of cannon the following scheme was 
used : 


The Maintenance Company sent forward an advanced 
group that was usually located with the echelon of the 
artillery. This unit carried a few of the parts that were 
most commonly broken. When a gun required replacement 
of any of these parts, this unit made the replacement at 
the gun. If they could not effect the repair, word was sent 
hack to the shop and the required parts were sent up from 
the shop. . 

In addition, inspectors made the rounds of the battery 
positions to ascertain the needs of the artillery. 

To sum up, the line of supply should be: 


Army Depot—Maintenance Company—advance party of 
Maintenance Company—firing battery. 


Requisitions were done away with but the broken parts 
must be turned in in exchange for good parts. If this last 
were not required each regiment, battery, and gun would 
accumulate a stock of spare parts, thus dissipating the sup- 
ply. One battery might have several extra firing pins and 
its next door neighbor none and the supply in the depot be 
temporarily exhausted. 

The present instructions require the Quartermaster De- 
partment to supply cleaning and preserving materials, but 
I feel that the Maintenance Company will be called upon to 
issue a great part of this as they will be in intimate contact 
with the guns and will know the pressing need for waste 
and oil. 

The above is the routine of supplying cannon and parts 
therefor to the divisional artillery. 

In preparing for a big drive that will require intense and 
continued artillery fire special preparations must be made 
to insure the proper volume of artillery fire. For example, 
if all the 75 mm. guns of a regiment are new they should 
be able to fire an average of 8,000 rounds each before re- 
quiring replacement. If, however, the regiment has been 
previously fighting and the guns have already fired 7,000 
rounds per piece, then it can be expected that on the aver- 
age they must be replaced after firing 1,000 rounds addi- 
tional. The staff of an army and the War Department, 
in order to have the replacement guns at the right depots, 
should know the number of rounds that each gun has fired. 
This is obtained by requiring a gun book to be kept with 
each gun in which is recorded the number of rounds that 
the gun has fired. This same information should be kept 
by the ordnanee officer of each headquarters so that he may 
at any time furnish detailed information to his commanding 
officer and his staff. 

During the last war apparently this was classed as army 
“red tape” by many, for often no gun book was kept. 

The number of rounds that a gun has fired will also in- 
fluence an inspector in deciding whether a gun should he 
kept in service or condemned and replaced. 

It is not idle curiosity or a desire to harass that is respon- 
sible for requiring the history of a gun, but actual necessity. 

The larger cannon will be maintained by Heavy Main- 
It will not be possible, however, to 


‘tenance Companics. 
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keep on hand spare guns and promptly make replacements 
as outlined for divisional guns above. The available re- 
placements ,will be smaller, the larger the caliber, and 
many will not be replaced until the disabled gun or carriage 
has been hauled to the rear and repaired. 

Small arms will be exchanged and repaired by Main- 
tenance Companies in the same manner as deseribed above 
tor divisional artillery. The issues made by the Mainte- 
nance Companies will, however, form a very small per- 
centage of the total issued. Army ordnance depots must 
ve established carrying thousands of each ordinary type of 
small arm weapon and several hundred machine guns and 
automatie weapons. The size of the stock maintained will, 
of course, depend upon the size of the Army. 

In some cases maintenance companies will be stationed at 
army ordnance depots and the combination will form a 
machine gun and small arms eenter. 

This depot will be loeated on a standard gauge railway 
and will maintain its stocks by shipments from the next 
larger depots to the rear. The army ordnance officer will 
be responsible for the operation of the army ordnance 
depots. The most expeditious manner of stocking the army 
depots is by means of credits placed with base depots by 
the general commanding in the theater of operations. That 
is, a given army will be informed that each calendar month 
it may draw from a designated base, say 10,000 rifles. Then 
the army ordnance officer ean, without further reference to 
anyone, request this base depot to ship during this month 
not to exceed 10,000 rifles. The list of eredits will cover 
all available items. 

At times when transportation delays occur and certain 
items are needed quickly, the ordnance officer will ask the 
help of the A. C. of S. in charge of supply for the army in 
rushing through certain items. The General Staff then 
takes charge and coordinates the movements so as to get the 
most important items through the block. 

Certain important items will never be handled by eredits, 
but will always require specifie action in each ease. 

Items that become searce in the base depots will, from 
time to time, be placed in this class until the shortage is 
relieved. 

In order to relieve the combat troops from travelling too 
far to obtain supplies, the large army depots will place 
small stocks at division railheads and the division will be 
given weekly eredits against which it ean draw without ref- 
erence to anyone. 

In case an attack is planned, the arms depot will send 
forward to certain points selected by the army staff and 
designated in orders, a small group of men with a stock of 
machine guns and automatic weapons. The purpose of this 
available a supply of automatic 
These weapons will be issued only 


is to have weapons to 
quickly replace losses. 
on the certificate of an officer that his unit is in combat and 
that he is short his authorized allowanee. Units withdraw- 
ing from combat will be re-equipped from the depot and 
not from this advaneed store. 

The center will also send out trucks to the battlefield and 
to salvage depots to recover all ordnance material that is 
not badly damaged. This material is overhauled and eleaned 
and repaired when necessary and then put into stoek. This 
avoids the salvage service shipping it to the rear, while at 
the same time similar articles are crossing it on their way 
to the army depot. 

The steps in the line of supply of ammunition are similar 
to those in the line of supply of guns until the army area 
is reached. There the two systems vary. 

In the army area ammunition is in general stored in and 
issued from army ammunition parks, corps ammunition 
dumps, and division ammunition dumps. 
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Each unit has a “munitions officer” who is directly 
eharged with responsibility for maintaining an adequate 
supply of ammunition in his unit. These munitions officers 
form a chain from front to rear, each calling upon the next 
larger unit for supply. Each also makes reports to the 
next larger unit giving the rate of consumption of am- 
munition and the amount available for his unit. These re- 
ports, although burdensome, especially in action, are very 
important. No munitions officer can make a proper dis- 
tribution of his ammunition to his organizations unless he 
knows the state of supply in those organizations. If he 
makes the distribution in a haphazard manner some of his 
units may have too much ammunition and others be enr- 
tirely out. The inefficieney of this is obvious. 

This principle extends back to thé War Department and 
the nicety of regulation inereases with the size of the unit. 

For example, when the Allies were making the attack on 
the Marne that began on July 18th, the Freneh General 
Headquarters issued an order to all armies using French 
75 mm. ammunition stating the daily rate of fire that each 
army might use, that is the rate at which each army could 
expect to receive replenishment of 75 mm. ammunition 
stocks. This allowance varied from an unlimited rate of 
fire in the armies making the attack on the Germans to 
zero for those in the quiet sectors of the Vosges. 

In other words, all the 75 mm. ammunition being manu- 
factured was placed at the disposal of the attacking armies 
and all ammunition trains were routed to their sectors and 
none were sent to the quiet sectors. 

The status of artillery ammunition must be known much 
more accurately than small arms ammunition. There is 
usually plenty of this latter and the transportation of large 
amounts is comparatively easy. 

As a consequence, artillery ammunition reports are ren- 
dered daily, and small arms reports are rendered every ten 
days. The reports of the various munitions officers through- 
out each army should cover the same twenty-four hour 
period, although the smaller units must close their books 
earlier in the day than the larger ones so that the final re- 
ports from corps will reach the army headquarters on 
time. Reports are usually made by telephone and confirmed 
by a written report made upon a blank form. 

So much for reports. Issues are made upon written 
orders. These are written in triplicate. One copy goes to 
the depot that will make the issue, one to the munitions 
officer or transport train that will handle the ammunition, 
and one is retained for use in the issuing office. In emer- 
gencies orders may be issued by telephone but these should 
be confirmed in writing later 

On the night the St. Mihiel attack opened one of the 
attacking divisions diseovered shortly before H-hour that 
their howitzer regiment had no primers. The division 
munitions officer telephoned the corps munitions officer of 
the dilemma and was told to send an automobile at once to 
Corps Headquarters. A machine was at once sent from 
Corps Headquarters to the nearest ammunition park and 
the neeessary primers were transferred to the division car 
at Headquarters and the regiment was able to take part 
in the artillery preparation. 

A munitions office that handles considerable quantities of 
ammunition must keep a set of books exactly as a large 
store does. To take a corps munitions office for an ex- 
ample, with several divisions in the corps, the corps muni- 
tions officer reeeives daily allotments of ammunition from 
the army munitions officer for the various ealibers and 
kinds. These allotments cover ammunition in several army 
ammunition parks. The corps officer immediately enters 
the various amounts as eredits in accounts opened with each 
caliber and type, and also in an aeeount with the particular 
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depot. He thus knows at all times from one account his 
available balance of the particular type of ammunition and 
from the other accounts le knows the available balance of 
that type ot each depot, 

Irom these figures and from the tactical situation the 
corps office issues orders as described above authorizing the 
divisions to send ammunition trains to designated army 
parks to get ammunition. 

The necessity for accurate bookkeeping is apparent, for 
if an ammunition frain in a hurry for ammunition travel- 
led fifteen or twenty miles and found that the corps had 
no credit at its destination the delay and confusion would 
be serious. 

In transporting ammunition railroads should be used as 
far to the front as possible. Narrow-gage railways can 
often be run quite far up, and in some cases directly to bat- 
tery positions. The use of railways relieves congestion on 
the roads, and one small railway car can carry the load of 
three ordinary trucks. 

Trucks are the usual mode of transportation of ammuni- 
tion in the army area. Each division has an ammunition 
train as has also the corps and the army. 

The corps and army trucks assist the division trains by 
hauling from army parks to corps and division dumps. 

From the latter point horse transportation does the bulk 
of the work. The trucks sometimes carry forward to or 
very near to battery positions and in the future automotive 
transportation will be used much more than was the ease 
in the World War. 

The handling of ammunition in division and corps dumps 
will be done by the field artillery personnel. In the army 
parks the Ordnance Department will furnish the personnel 
and the army ordnance officer will be responsible for the 
management of these parks. He must see that the roads 
are kept up, the ammunition must be properly segregated 
by kind and lots,eand the position sereened against enemy 
observation. 

These parks and also smaller ammunition depots should 
be near but off main roads. There should be separate en- 
trance and exits so that truck trains will not become en- 
tangled in the depot. 

In the early part of the war the French depots were laid 
out with the regularity of a town, that is, an American 
town. But towards the end all new depots were being 
placed wherever possible in woods to avoid airplane obser- 
vation. 

One of the most difficult features of artillery ammunition 
supply is to get complete rounds to the batteries. Peri- 
odieally during the war frantic appeals would come in say- 
ing that no fuses or perhaps primers were available. In 
the Argonne an officer from a neighboring corps came in 
to our office and appealed for a truck load of powder for 
155’s, saying that his unit was in action and had every- 
thing but powder. He had been started out with orders 
not to come back without it. We gave him the truck load 
from our eredits, although the army munitions office was 
pretty hard boiled and it was difficult to talk them into 
allotting us extra charges in excess of our allowance of 
complete rounds. 

The fuses were most troublesome. The Ordnance Depart- 
ment is now developing a fuse that will be_a combination 


super-quick and short-delay fuse. It will be safe to ship 
and handle serewed into the projectile, and will be the only 
pereussion fuse issued to divisiénal artillery. Those who 
served in the artillery during the late war will appreciate 
what a tremendous help this will be to the ammunition sup- 
ply gamo and what a burden it will take from the shoulders 


of the battery personnel as well as everyone who handles 


it from the factory to the front. 








Over Signal Mountain, Fort Sill, Oklahoma 


With a Motorized Battery of Field Artillery 


NOTE 
motorized battery of 75-mm 


to reprint it through the courtesy of the Journal. Eb.) 


NE of the departments of the Field Artillery School 

at Fort Sill, Oklahoma, known as the Enlisted Spe- 

cialists School, has for its object the instruction and 
training of selected men sent there from the field artillery 
arm of the army. * This school is subdivided into courses, 
each one of which is designed to fit the student for some 
special duty in connection with his profession. The Motor 
Section has for its purpose the instruction and training of 
motor mechanics in all that pertains to the repair and oper- 
ation of motor vehicles. 

The Motor Section of the Enlisted Specialists School. 
during the course of instruction, rebuilt twelve five-ton artil- 
lery tractors. These tractors were received by the School in 
all stages of disrepair and thoroughly overhauled as a part 
of the regular instruction in the shops of the Field Artillery 
School. 
ines, a thorough schedule of road marching 
discipline was carried out, and the tractors 
loads under as near field conditions as possible. 

January 1)th, a provisional battery of 75-mm. matériel 
was formed with the students as drivers, and the men taught 
to handle and take care of their machines while on the 
march. 


Upon completing the shop course on these mach- 
and march 


driven with 


All parts of the Fort Sill reservation were visited, 
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vt 
jm ers 


(The folllowing article, based upon the report of Captain Albert 
guns under his command, was originally printed in the Field Artillery Journal for May-June 1922 


E. Higgins, Field Artillery, of a practice march made by a provisional 
We are enabled 


including Dodge Hill, Chatto Ridge, Medicine Bluffs and 
Cache Creek; in faet everywhere hard going, difficult hills, 
or bad fords could be found. 

During this period of training the road speed of the lead- 
ing tractor was limited to three miles per hour, stress 
being laid upon the fact that this must not be exceeded. 
The average distance marched was from ten to twelve miles 
per day. 

Approximately three hundred and forty miles were cov- 
ered by the battery without a single case of serious trouble. 
The battery commander “The only trouble of 
any kind has been a broken fan belt and one broken steer- 
ing ¢lutch spring-loek.” 

At the conelusion of this test it 
Signal Mountain (elevation approximately 1740 feet), which, 
as far as was known, had never been attempted by a battery 
of field artillery. 

In connection with what follows it should be noted that 
the tractors and equipment used were not especially 
groomed or built up for the trip, but had been in service as 


states: 


was decided to elimb 


stated above. 
The first trip over the mountain was made February 27, 
1922. All twelve tractors were running smoothly; ten were 


ee 
ex s 


On the Ascent 
Note tractors coming up over lip of hill at right of photograph, giving some idea of steepness of slope 
102 


Distances well maintained 






















OVER SIGNAL MOUNTAIN, FORT SILL, OKLAHOMA 












. “= — 


ee <a, Set 





<- “4 ate ‘A ae * + - s oe \ 
tHa . ~. a . 
sr ph ae JE, 
> _ > 
ie ~~ 
* 
al ‘ = » ‘. 
ade oe wa i 2 7 aie? fp be 
>. ed: 2 ' ~s. ; 
~ 2 -« a> “ _ 4 & 
- >" ‘3 ae Se “a é f 
‘ x “yee eae | @ 
‘ ; ae f 2 id 
¥ ae ey Toe ul = at 
. ~ > ; é . we 
pa tax *¢ , -- 
<4 
> . os * - 
, AE £3 ’ aid . 
: ate >. “ 
& : . 8 * 
4 difficult, narrow rock pass near the summit Formation still maintained 


/ 
: 
‘ 
b 
mo 
oo 
ot c 
- > 
2? = 
Pr 
te oe 
\s 
33 





Another View on the Ascent 


Rear of battery approaching the summit 
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pulling the 75 mm. guns and c¢aissons, and two were run- 
ning light. One of these carried the repair matériel con- 
sisting of jacks, blocks and tackle, heavy pinch-bars, ete., 
for .use in case anyone “fell off the mountain.” 
The battery left the motor park at 10:00 a.m. 
rived at the base of the mountain, six miles distant, at 12:10 
p.m.; one halt of five minutes’ duration being made at the 
It is interesting to note that 


and ar- 


end of the first hour’s march. 
the rate of march preseribed (three miles per hour) was 
very well maintained. 

After a half of an hour for the noon meal, the elimb 
commenced at 1:00 p.m. The route traversed to the sum- 
mit was approximately one and one-quarter miles, with a 
descent of three-quarters of a mile on the other side. 

The tra:!l up the mountain is very rough in places, of a 
rock formation, and, on the worst slopes of a loose gravelly 
Some fear was felt that the tracks would slip in 
At one place 


nature. 
this sort of going, but such was not the case. 
on the ascent there is a rock pass (see photograph) which 
is quite narrow, rough and with very small clearances, the 
passage of which required skillful driving to avoid trouble. 

The last rise to the “Blockhouse” is very steep and rough, 
with loose gravel. The photographs do not begin to give 
an idea of how very steep it actually is. 
is pos-ible for a vehicle to pass the Bloek- 
The 


struck would 


There is but one 
place where it 
the clearance 


house and there is very small. Pass is 


guarded at the top by a large rock, whieh if 
undoubtedly put that side of the tracior out of the running. 
The drivers, in addition to having to make a very bad hill, 


had also to “shoot” pretty straight in order to get through 


without hitting the reck or getting into trouble. 
All tractors made the climb in low gear, and were ordered 
The lead- 


to keep a distance of five yards between vehicles. 
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ing tractor and gun reached the Blockhouse located at the 
summit at 1:35 p.m., and the last tractor passed this point 
ten minutes later. All tractors funetioned perfectly and 
showed immense reserve power on the worst slopes. 

The face of the mountain upon which the descent was 
made is very steep, rough and rocky. The guns and ear- 
riages skidded badly from time to time, but otherwise no 
trouble was experienced. 

After passing the top of the mountain the descent is 
gradual for only about one hundred yards, when it be- 
comes quite steep, the slope being rough and covered with 
The tractors looked like so many flies crawling 
It was at this point that the guns and ear- 


loose rock. 
down a wall. 
riages skidded badly. 

A halt of ten minutes was made upon completion of the 
descent for the purpose of looking over the machines and 
equipment, after which the march was resumed and the bat- 
park at 5:00 p.m., any incident 
All traetors were in good running order 


tery reached without 
worthy of note. 
and ready to make the trip again. 

The distance marched, ineluding the ¢limb over the moun- 
tain, was seventeen miles, and was made in five liours and 
thirty minutes. 

The battery made a second trip on March 7th, for the 
purpose of 
which illustrate this 
on the first trip on account of the weather, 


obtaining a series of photographs, some ot 


article. No phot graphs were taken 
which was very 
bad; a dark cold day with a gale blowing, and slight mist 
or rain. 

The second, trip was identical with the first, exeept for 
weather, no trouble of any kind being experienced and 
every tractor functioning perfectly. 


made in a little better time than the first, as no stop was 


This seeond trip was 





On the Ascent 


Pho‘ograph shows distances well maintained 


even 
leading elements have already 


View shows middle of column, 
top 


on this difficult slope. 
passed over the 





















OVER SIGNAL MOUNTAIN, FORT SILL, OKLAHOMA 











The, Descent 
Battery descending the mountain just after leaving the Blockhouse shown in other photographs 





Tractor and Caisson on the Descent : 
It was necessary to have a cannoneer ready to shut off gasoline from supply tanks to prevent flooding of the vacuum tanks 
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made at the top of the mountain for reconnaissance as on 
the first trip. The climb over the mountain being made in 
an even hour. 

It is interesting to note that the distance of about five 
yards (see illustrations) was maintained by all vehicles 
without the slightest difficulty throughout both trips. The 
rate of march of three miles per hour for the leading tractor, 
however, necessitated the rear one running from four to 
five miles a good part of the time. It is this comparatively 
slow, even road speed that makes for suecess; high speed 
cannot help but break down the machines. 

During all the marches made by this provisional battery, 
not a single machine dropped out of the column due to 
trouble of any kind; all of them were out the day follow- 
ing each of these climbs, marched the preseribed four hours 
about the reservation, and have been out on the road every 
day sinee. 


In conelusion, Captain these tests 


Higgins states that 
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furnish interesting proof that the tractors will give excel- 
lent service if the rate of march is kept down, and they 
are proprely cared for as to lubrication and daily mainte 
nance. No cases of stuck track or track rollers oceurred at 
any time; ir fact, these tractors have given a well-nigh 
perfect performance at all times. 

The men who are driving them, who rebuilt and take 
eare of them, are all enlisted men sent to the School from 
the different field artillery organizations throughout the 
service for instruction in motor mechanies. This work is 
part of their regular course of instruction. 

The illustrations accompanying this article were selected 
from a series of photographs which form a sort of eon- 
tinuous picture of the climb. No halt was made in going 
over the mountain on the seeond trip, so that the different 
views show at all times the positions of the tractors and 
carriages during the entire march, the photographer taking 
a picture then running ahead to get another. 


Road Brakes for Field Artillery 


i 


RAKES in engineering are instruments by means of 
which mechanical energy may be expended in over- 
coming friction. They are used for two main pur- 
poses: (1) to limit or deerease the velocity of a moving 
body, or to bring it completely to rest; and (2) to measure 
directly the amount of frictional between two 
bodies, or indirectly the amount of energy given out by a 


resistance 


body or bodies in motion. 

Machines in which brakes are employed for purposes of 
the second class are commonly known as dynamometers. 
The other class is exemplified in the brakes used on wheeled 
vehicles. Here a body or system of bodies, originally at 
rest, has been set in motion and has received acceleration 
up to a certain velocity, the work which has been done in 
that acceleration being stored up as “kinetic energy” in the 
body itself. Before the body can be brought to rest it 
must part with this energy, expending it in overcoming some 
external resistance. If the energy be great in proportion 
to the usual resistance tending to stop the body, the motion 
will continue for a long time, or through a long distance, 
before the energy has been completely expended and the 
body brought to rest. But in certain eases consideration of 
safety or convenience requires that this time or distanee be 
greatly shortened, and this is done by artificially increasing 
the external resistance for the time being by means of a 
brake. 

A simple method of obtaining this inereased resistance 
is by pressing a block or shoe of metal or wood against the 
rim of a moving wheel, or by tightening a flexible strap or 
band on a rotating pulley or drum. In wheeled road-vehi- 
cles a wheel may be prevented from rotating by a chain 
passed through its spokes and attached to the body of the 
vehicle, when the resistance is increased by the substitution 
of a sliding for a rolling action; or the same effect may be 
produced by fixing a skid under the wheel. 

The simplest way of applying a brake is by muscular 
foree, exerted through a hand or foot lever or through a 
screw, by which the brake shoe is pressed against the tire 


of the wheel or the brake band tightened on its drum. 


> 


sy 


H. C. ZIMMERMAN 


A description of several types of road brakes that have 
been used on gun carriages by the United States and other 
countries follows. The types selected represent the best 
practice at the time of their adoption. 
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Fig. 1. 3.2-Inch Gun Carriage Brake 

















The 3.2-inch gun ¢al riage brake is one of the first (United 
States) designs to be used as either a firing or road brake. 
There are independent brakes for each wheel, as shown’ by 
Figure 1. Each brake consists of two bow springs with 
their coneave sides toward each other, assembled at one end 
to the brake-attachment socket by two °%¢-ineh bolts pass- 
ing through the ears of the socket. The other ends of the 





spring are bolted by two ®%g-inch bolts to the brake shoe, 
which is designed to fit over the tire. The socket is bolted 
to the shank end of the elevis by the locking-lever bolt; the 
squared section of the latter works in an elongated slot in 
the shank of the clevis, the U-end of the elevis fits over the 
eye lug on the brake eye strap, and is bolted to it by a 
13/16-inch clevis bolt. 

the locking-lever bolt of the 
The 


other end, terminating in a fork, passes over the bow springs 


There is also mounted on 


attachment socket the inner end of a locking lever. 


near their union with the brake shoe. This lever is used to 
turn the locking bolt so that when its squared section is 
brought opposite the slot in the clevis shank the brake may 
be elongated nearly the length of the slot. 

When the locking lever is parallel to the axis of the 





s, the bolt is held 
The brake 


eondition to be 


brake, and its fork is over the bow spring 


slot. 


in the round hole at the elevis end of the 


then has its shortest length, and is in used 


either as a recoil or traveling brake. By putting it over 


the wheel to the rear it may also be used as a mud seraper 


on the march. When so used, it should be secured by a cord 


or wire, fastened to the brake shoe at one end and to the 


standard below the axle seat at the other, to prevent its 


being carried over the wheel to the front. 


When the lever is turned up perpendicular to the axis 
in the 


of the brake the squared section of the bolt is then 


clevis-shank slot, and the brake, if on the wheel in use as 


a road brake, will be thrown by the tension on the springs 
to the 


} 


by continuing the 
the axk 


vertical, 


front, free from the wheel, and 


motion of the lever to the rear (the cannoneer on 


seat operating it), the brake may be brought up 
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ROAD BRAKES FOR FIELD ARTILLERY 


Wheel Brake Mechanism, 75-mm. Gu! 





LQ, 


dropped down again on the clevis, and the locking les 
brought forward and secured in its position parallel to the 
axis of the brake. 

The stud riveted on the back of 
hold the 


such time is held in a 
of the guard rail. 


the lever near its lower 


end, serves to brake vertical when 


not ! Lise 
this stud at recess on tl 


?@ Underside 


The following is an extraet from the Report of the Chief 


of Ordnance for 1889 :—*The bow spring brake, tested with 


the light carriage, is a great improvement over the spiral 


spring, and performs the work required perfectly. Having 


no initial tension it never left the wheel during the test ot 


500 service charges, and not bringing up against a rigid 


shoulder, ll resistance to limit the exter 


possesses elastic 


sion of the brake. Being entirely automatic, requiring no 


time for manipulation in action, compaet, out of the way of 


the gunners in the service of the piece, and available for a 


road brake, it forms an important and valuable part of the 


run earriage.”’ 


When using this brake, the pressure on the wheels was 
not under control and it was necessary to stop the vehicle 
to release it. These detects led to the aesign o sere and 
lever brakes, about the year 1900, which could be set and 


was in motion. 
1 1897 MI (Figure 2) 


mode | ol 
is an example of French practice, and is desi 


released while the gun earriage 


The 75 mm. Gun Carriage, 


as both a road brake brake. It consists of a 


and a nring 
lrame carrying brake shoes tor engagement with the wheel 


embracing the axle arranged to either 


kor 


come behind 


tires, loosely and 


latch up under the trail or drop under the wheels. 


traveling the frame is latched up, the shoes 


the wheels and ean be against the tires by oper 


applied 
axle at the right 


‘ 


ation of a crank in front of the 


The brake frame is built up of forged and tubular steel 


members riveted and serewed together. Two stanchions, of 


section are disposed, one right and one left, just 


channe l 


inside the whee]; the forward upper ends earry steel forks 


embracing the cup washers on the axle; the lower rear ends 





1 Carriage, French 
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Fiz. 3. Present Dram Brake, 


terminate in small spades, hardened, parallel to the plane 
of the wheels and have bolted to them the forged steel brake 
shoes. The stanchions are connected transversely by the 
brake beam tubes and the erank member passing under the 
trail. Tubular members diagonally brace the fork sockets 
on the stanchions and the brake beam crank. 

The brake frame, when latched up under the trail, is sup- 
ported by the brake beam carriers and shaft, which are a 
part of the trail seat supports. Bolted to the right and left 
sides of the trail and braced by the upper and lower 








Fig. 4. Wheel Brake. 75-mm. Gun Carriage, British 


transoms are the forged steel seat support brackets. Ro 
tatably mounted in the bearings in the brackets, and in the 
bushings of the lower transom is the hollow seat support 
shaft, extending across the carriage under the trail 
Clamped to the ends of the shaft, just outside the bracket 






































75-mm. Gun Carriage, Model 1916 


1 
' 
I 


bearings are the seat supports. The seats for the cannon 
cers are riveted to the tops of the seat supports. Rota- 
tably mounted inside the hollow seat support shaft is tha 
brake beam carrier shaft, having clamped to its ends the 
brake beam carriers right and left. The brake frame, when 
lifted to its position under the trail, is supported by the 
brake beam carriers, which are rotated to a position under 
the brake beam tubes. The brake beam carriers are locked 
in the supporting position by a pin in the right carrier 
which engages a lug on the right seat support. The pin is 
attached to the right carrier by a chain. The brake beam 
carriers are padded with leather cushions in the pockets 
where the brake beam tubes rest. 

To prevent lateral movement of the carriage during 
firing, the brake frame is unlatched, the shoe dropped to 
the ground and the wheels mounted thereon. 

For operation as a road brake, the frame is latched up 
and the following operating mechanism is employed: To 
the right axle bracket is serewed the brake gear bracket, 
which incloses and forms a bearing for the brake worm. 
The brake worm is rotated by a erank extending in front 
of the axle, and its serew engages with teeth on the worm 
quadrant shaft. The worm quadrant shaft, which is hollow, 
extends transversely across the carriage and rotates in bear- 
ings in the brake gear bracket and in the lower part of the 
trail side plates, right and left. The hollow interior of the 
worm quadrant shaft is accessible through the left eid by 
a pivoted cover, for lubrication. Clamped to the worm 
quadrant shaft, midway between the right and left trail 
side plates, is the brake strap lever. <A similar lever is 
clamped to the seat support shaft, the two levers are con- 
nected by the spring steel brake strap. Forged steel eves 
are riveted to the ends of the brake strap for attachmen: 
to the levers with pins. The brake beam tubes, in raised 
position, are embraced by the hook-shaped portions of the 
seat supports, so that any rotation of the seat support shaft 
moves the brake beam frame either toward or away from 
the wheels. Thus, rotation of the brake worm, by means of 
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its crank, revolves the worm quadrant shaft, which in turn, 
through the brake strap connection, rotates the seat support 
shaft, applying the brake shoes against the wheels. 

This brake is operated on the road by a man on the 
ground behind the shield. He has to walk or run as no axle 
seats are provided. It is geared and not quickly adjustable 
to suit various gradients and is liable to remain set after 
the down grade has been passed. 

A drum brake is used on the 75 mm. Gun Carriage, model 
1916. This is an American design and was developed at the 
time automobiles were coming into general use. The first 
brake tried (in 1913) on this carriage was an internal band 
operated by a system of levers and expanding against the 
inside of a cast iron drum that was fitted and keyed to the 
hub box of the standard 56-inch wheel. This design was 
not satisfactory as the lubricant from the axle arm leaked 
by the wheel dust guard and on the braking surface, there- 
by reducing the friction. It collected dirt and was not 
easily cleaned. It was superseded by the design shown in 
Figure 3. 
lever behind the shield 


This is a drum brake operated by a hand brake 


for locking wheels during firing, 


and a foot lever for use from the axle seat in traveling. 


Brake Jevers are on right side of carriage. 


Brake drums are bolted to wheels. Lined brake bands 
are assembled around drums and are provided with lugs 
riveted to the outside of bands to prevent lateral movement. 


Brake band ends are pinned by adjusting nuts and adjust- 


! ] + 
ke shalt. 


Ing links to two arms of bi 


hangers, which are holted over 


Brake shatts bear in brake 


axle aris and cearry band ¢ Ips. Brake shatts are squared 


on one end to hit brake le ver sleeve al middle ol carriage. 


Brake-lever sleeve is hollow, squared to take brake shafts, 


with hand-brake lever and sleeve extension and riveted to 


right end. Foot-brake lever is pinned to sleeve extension 

and pivoted about pin through brake-lever bracket, which 

is riveted to shield bracket, outer right. 
Foot-brake lever is provided with a spring, attached to 


lever hook, lever catch, and segment for 


axle seat, with 
locking. 
hook, and segment for locking. 


Hand lever is provided with lever eatch, lever 











Fig. 5. Wheel Brake, German (Krupp) Design 


ver Is depressed, le ver sleeve 


When either hand or feot | 


IS turned with brake shaft. torsion being transmitted to arm 


on seeve extension by lever. Torsional effeet is equalized 
between the two bands by the sleeve. which transmits load 
to hoth brake sheft: at the certer of earriage. The arms 


ROAD BRAKES FOR FIELD ARTILLERY 











109 





on shaft actuate brake band ends, tightening brake band. 
Some of the later carriages of this model are provided 

with a hand-brake lever which operates from axle seat to 

replace foot-brake lever. In this type of brake a brake ro 


is pinned to sleeve extension and screwed to brake rod end, 


WE TALE Ore 


SEE 


Wheel Brake, 105-mm. Howitzer Carriage, Mode! 1921 


Fig. 6. 


which is pinned to arm on brake lever. Segment rack is 
riveted to seat support and brake is set by forward push. 

The brake levers are so arranged relative to the segment 
racks that the brake when set by either lever can be re 
leased by the other one. An adjusting nat is provided at 
the end of the brake band so that wear of the brake lining 
ean be taken care of. 

The brake, Figure 4, on the 75 mm. Gun Carriage, model 
1917 (British), is representative of English practice and is 
a shoe brake rubbing on the steel tires of the wheels. The 
and is always to ‘be 
brake 


tire brake is for use when traveling 


g, 
used when firing. It consists principally of two 
arms, two bell cranks, connecting rods, and an actuating 
screw. The brake arms are pivoted at one end to a bracket 
on the trail and provided at the other end with the service 
Each of the 


h 


cast-iron brake shoe, which acts on the wheels. 
bell cranks is pivoted to brackets on the axle, one on eac 
side of the carriage body; one arm of each lever is con 
nected in front of the axle by a connecting rod; the outer 
arm of the right-hand lever is provided with a nut, through 
which the front end of the actuating screw passes, the other 
end of the screw being linked to the right-brake arm. The 
other arm of the left-hand lever is connected to the left 
hand rod and eccentrie link: a releasing 
lever, with an eccentric pivoted to the connecting rod and 
link, enables the 
When traveling the 
release strap, and the connecting rod by a leather tic 


brake arm by a 


brake to be quickly released. when re 


‘ed ] —— + _ “od () } 
quired, ever 1s secured Vv a Quien 


iL issed 


around ‘it and the left tensile stay at the point of crossing 


The brake arms are actuated by the handle at the end, 


or bv the eross handle near the center of the actuating 
screw. Wheel tire brakes are not cvenerally as emerent i! 
operation and weigh more than band brakes. 
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Figure 5 shows an example of German design. This 
particular carriage was captured and returned to the 
United States after the war. It was built by Krupp’s for 
Austria. The wheel shoe is pulled against the tire by 
operating the lever, which tightens the flexible steel cable 
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Fig. 7. Wheel Brake, 155-mm. Howitzer Carriage, Model 1921 


wound around the hub box on the wheel in such a manner 
that rotation of the wheel increases the pull on the eable 
and increases the pressure on the shoe. This carriage has 
seen service as the tire of the wheel shows where it has 
been hit by shrapnel or rifle bullets. 

The band brake (Figures 6 and 7) as used on the 105-mm. 
Howitzer Carriage, Model 1920, differs from the one used 
on the 75-mm. Gun Carriage, Model 1916, in the way the 
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brake is operated on the road and in that the 1920 ear. 
riage has rubber tired wheels, requiring about twice the 
braking effort before the wheels can be made to slide oy 
the ground. It is operated by a man riding on the ear. 
riage limber facing the team, by means of the brake lever 
line and its handle. Its efficiency was proven in a 106. 
mile road test at Rock Island Arsenal where a light pul 
on the handle was sufficient to stall the engine of the 
motor truck that was being used to draw the limber and 
carriage when traveling at a speed of about fifteen miles 


per hour. The brake lever is located on the inside of 
the trail. The brake band is supported from the axle 
when the brake is released. The brake line has an ad- 
justment to take care of any stretching and the brake 
band can be adjusted for wear in the lining. 

Most of the large earriages use drum brakes. On some 


of them the drum is almost as large as the carriage wheel, 
In a few eases the friction bands are replaced by shoes 


operating by a sort of pinchers acting on both the outsid 
and inside of the brake drum at 
carriages have a flexible band wrapped several times about 
the hub box of the 
to tighten when on the road. 
are not used on Field Artillery. 

The design requirements are usually that a pull of 100 


the same time. Other 


wheel in a manner that will cause it 


Frietion dise or fluid brakes 


lbs. at the hand lever shall cause the wheels to slide. On 
shoe brakes operating on steel tires the coefficient of frie 
the shoe is taken at that of the tire on 


eround., Therefore the foree to be applied on each 


tion at one-half 
the 
brake shoe must be equal to twice the weight of the wheel 


Metal brake 
tired 


on the ground to cause skidding. shoes hay 


been used directly on the tires of rubber wheels, 
The coefficient of friction is high but the shoes are liable 
to damage the tires. 
been made large enough to take the full force of the re 
coil of the gun. The should 
carriages as it is liable to damage the parts of the brake 


On reeent designs the spades have 


brake not be set on these 


or twist the axle. 


New Suspension and Tracks for Ordnance Automotive Vehicles 


RDNANCE automotive vehicles of the track-laying 
or caterpillar type have followed very closely along 
The track and 
vehicle 


the lines of commercial construction. 
track suspension of the type of 
have, of course, been developed to a high state ot pertec- 
tion to fulfill the conditions under which they are required 
to operate. The track-laying vehicle for Army use, em- 
ploying similar running gear construction, is called upon 
for much more severe service; for not only must the vehicle 
negotiate soft ground, where low unit bearing pressure is 
necessary, but it must also be capable of operating for 
long distances on hard roads at much higher speeds than 
are demanded of the commercial vehicle. 
Operation on hard roads at comparatively high speeds re- 


commercial 


quires that special consideration be given to the construc- 
tion of the tracks and the track suspension in order to re- 
duce to a minimum the road shocks transmitted to the run- 
ning gear and the vehicle, which entail prohibitive mainte- 
nance. In addition there must be the minimuum of damage 
to the roads and some comfort for the personnel riding on 
the vehicle. In the endeavor to fulfill these requirements 
the Ordnance Department is now studying the adaptation 
of chain and cable suspension and improved types of tracks 
quite. different from the conventional construction With 
this new type of suspension a continuous ehain or cable 
working against a spring is used to equalize the motion of 


<_<—- 


the bogies or trucks. Each bogie carrying two truck wheek 
not only has a vertical motion but a lateral swinging me- 
tion as well, so that the track can conform to the contow 
of the ground in two directions. 

A special track construction is required with bogies hay 
ing this lateral motion since the usual hinge point permits 

With the present 
is rigid so far as lateral 


the track ane 


of motion in one direction only. Col 


ventional construction the track 
motion is concerned and the side strain on 
track supporting members when the vehicle turns is cot 
sequently very severe. ‘To provide for a lateral movemen 
of the track in conjunction with the swinging’ bogies tl 
usual track link connections are made ball and soeket joint 
with a considerable degree of freedom for both lateral an 
vertical motions. This ball and socket point constructid 
alsé allows each link to assume a position on the ground ® 
dependent of any other link, a degree of flexbility not poss 
ble with the usual type of hinge joint. 

This new type of suspension, with the very flexible trac 
which provides for equality of the loads on all the bogies 4 
a side, gives the track freedom of motion in a lateral cireé 
tion without side strains on the track joints and supportin 
members, and allows each track shoe to follow the group 
under it without strain on any other part of the track, of 
ers possibilities for material improvement in the construt 


tion of track-laving vehicles for Army use. 
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Military Characteristicsand Ordnance 
Design: : 


Pe. 


HE General Board having 


terms the military characteristics of a ship, such as 


prescribed in general 


type, speed, radius of action, armament, armor pro- 
tection, ete., for any type of new construction, the various 
technical bureaus, upon approval, and under the direction 
of the Secretary of the Navy, proceed with the develop- 
ment of the plans. Preliminary or basie designs of the 
yessel are prepared by the design section of the Bureau of 
Construction and Repair, and the various other technical 
bureaus are requested by that bureau to furnish data re- 
garding features of design under their cognizance for in- 
corporation in these designs. The Bureau of Ordnance is 
requested to furnish preliminary designs or type general 
arrangements of ordnance equipment, together with weights 
and centers of gravity of all ordnance material to be ecar- 
ried by the vessel, and to submit general recommendations 
regarding armor protection. In order that this information 
may be available and be furnished without delay, it is nee- 
essary that the trend of ordnance design be anticipated to a 
great extent by the bureau. 

The preparation of designs for turret, secondary battery, 
or anti-aircraft mounts, torpedo tubes, ete., are under- 
takings requiring six months to a year’s time. The infor- 
mation required by the Bureau of Construction and Repair 
is generally furnished within a week or two after the request 
is made, and the design must be sufficiently worked out in 
advance to furnish at least reliable preliminary data regard- 
ing weights and dimensions. Ordnance design is constantly 
undergoing a process of evolution and systematic develop- 
ment, due to inerease in caliber and power of guns, to the 
development of new weapons and instruments of warfare, 
and to the constant efforts of nations to produce types of 
vessels possessing offensive and defensive features superior 
to those developed by others. 

Generally, work of basic design is done by several experi- 
enced men in such a manner as to cover the requisite fea- 
tures with accuracy, with the least detail possible and with 
the least expenditure of time. The governing idea is the de- 
termination of the important features of the vessel, after 
weighing all the possibilities and their various relation- 
ships, both to the design itself and to each other. Once 
this is accomplished satisfactorily, the necessary sketches 
made, and the data tabulated, the work of developing more 
detailed plans may be at once undertaken with efficiency 
Aside from the element of loss of time and 
money due to unfortunate selection of characteristics pro- 
posed, the main advantage to be anticipated from the or- 
design section is the facility with 
which it is possible to investigate the effeet of variations in 
dimensions, power, capacity, ete., without oceupying the 
time of the regular drafting foree or being embarrassed by 
relatively unimportant detail. The value of such a section 
was first formally recognized in the Bureau of Ordnance 
during the war, and since then all departmental designs 


and assurance. 


ganization of a basie 
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have been handled by it, and the results have been such as 
The caliber ot 
tery guns of battleships of the leading nations has increased 


to esiablish this system firmly. main bat- 
50 per cent during the past ten years, and in the same 
period of time the submarine and the flying machine have 
been perfected; and, by their advent, warfare has been 
extended into the air and below the surface of the sea. 

To prepared to meet the 
Board and the Bureau of Construction and Repair, and to 
keep up with the progress of ordnance development referred 


be demands otf the General 


to, it is necessary that improved types of ordnance design 
be under constant investigation by the Bureau of Ordnance. 
The main subjects to be investigated and covered by this 
bureau in connection with the design of capital ships are 
the questions of caliber of main battery guns and armor 
protection, both of which are largely dependent upon the 
assumptions made as to the probable future battle. range. 
Assume, for instance, that we have reason to expect a 
large increase in battle range, due to improved methods of 
fire control and increased accuracy of guns. 
a complete study and estimate of the situation is under- 
taken by the Bureau of Ordnance. Let us suppose, as a 
result of this estimate, that it is decided to investigate the 
use of the 18” gun for future capital ship construction. 
Orders are issued by the Chief of Bureau of Ordnance to 
the design section to proceed with the design and prepara- 
tion of the necessary preliminary drawings for the gun, 
projectile, turret, and other features making up a complete 
unit. The first step undertaken is the preparation of a pre- 
liminary design of gun. The weight of the projectile is 
tentatively decided upon in order that the ordnance engineer 
in charge of gun design may have a starting point from 
which to work. A careful survey is made of the problem 
to determine the muzzle velocity required to give the de- 
sired penetration at the battle range under consideration. 
Weight of projectile and muzzle velocity being determined, 
consideration is next given to the problem of interior bal- 
listies. From records of past gun performances and other 
information available, a powder is selected that will give 
the desired velocity to the projectile without exceeding 
normal chamber pressures and give the greatest number of 
foot pounds of work from each pound of powder in a gun 
of 45 to 55 ealibers in length. For obvious reasons, it is 
desirable to use existing powders. When this is not 
sible, the powder expert at the Naval Proving Ground is 


In such a case 


pos- 


consulted and a new powder is tentatively selected, of such 
web thickness as to give the desired rate of burning. 

The principal characteristics of the having 
determined, the next step is to prepare a general arrange 
This drawing shows the powder pressure 


gun been 
ment drawing. 
eurve, velocity of projectile curve and the strength curve, 
together with assigned shrinkages and all necessary dimen 
No effort is made at this pr detail 
These, together with all other manufacturing 


sions. stage to pare 


drawings. 
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drawings, #re prepared by the Naval Gun Factory from 
the genera? arrangement drawings furnished by the bu- 
reau, whengorders are issued to proceed with manufacture. 

As soon &s a decision is reached regarding the weight of 
the projecMfe, this data is turned over to the engineer in 
charge of yrojectile design, and this work proceeds simul- 
taneously fith the gun design. Until very recently, little 
was known fregarding the important principles entering into 
projectile flesign. Projectiles were designed that were 
strong enodgh to stand the heavy pressures in the gun 
without breaking up and which gave satisfactory results 
from the shandpoint of armor penetration. Little was at- 
tempted, htwever, in the design to produce a_ projectile 
which would give the most satisfactory results as regards 
dispersion. From what has been developed during the past 
two years, it has been found that by observing certain 
principles of design that are concerned principally with 
obtaining the proper relation between rotation, moment of 
inertia of the projectile about the longitudinal and trans- 
verse axis, combined with proper band design, the disper- 
sion may be greatly reduced below that obtained in th: 
past when these features were not carefully considered. 

The features of gun and projeetile design having becn 
determined, it is customary to proceed with the manufaec- 
ture of a type gun and slide, in order not only to prove 
the important features of gun and mount design but to 
initiate experiments at the Proving Ground dealing with 
powder, armor penetration, and accurate ballistic data. Use 
is also frequently made of wooden models of turrets, guns, 
and mounts built full size at the Naval Gun Factory. 

Upon completion of the preliminary plans of the gun, 
and without waiting for the completion of the type pro- 
jectile, gun, and mount, the design section of the bureau 
is engaged in the preparation of the preliminary plans of 
the turret. It is the present rule to mount turret guns so 
that practically the maximum range of the gun can be ob- 
tained. For all practicable purposes, this means 40 de- 
grees elevation, and the turret is designed on this basis. 
The turret design is first blocked out roughly in order to 
get an approximate idea of the best arrangement of mount, 
ammuntion hoist, handling rooms, ete. It is essential that 
the dimensions of the turret, ineluding the barbette, be 
made as small as possible, not only on account of the saving 
resulting in armor weights, but also on account of the re- 
duction of target exposed to the enemy. The diameter of 
the barbette is governed by the distance from the center of 
rotation to the extreme position of the gun in recoil. This 
distance is therefore kept as small as practicable by moving 
the center of the trunnions as close as possible to the tur- 
ret front plate, by reducing the distance from the center of 
the trunnions to the breech of the gun to the minimum 
amount, and by limiting recoil of the gun. By moving the 
center of trunnions close to the front plate, we are also 
able to reduce the port opening through the front plate to 
the minimum size. The distanee from the center of the 
trunnions to the breech of the gun is kept a minimum by 
inereasing the weight of the gun yoke above what is actually 
needed to withstand the forces of recoil or to act as a 
counter-balanee. It has been found from past experience 
that the trunnion pressure will not be excessive if the recoil 
of the gun is limited to about three ealibers in lefigth. 
With the position of the gun in the turret approximately 
determined, it is possble to fix the diameter of the barbette 
and the exterior dimensions of the turret armor. After the 
determination of these dimensions in the manner indicated, 
the elevating gear, rammer, powder and shell hoist ma- 





chinery are laid out to go in the space provided. Arrange- 


ments are also made for the accommodation of personnel, 
fire control instruments, and range finders. 
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As the design is being laid down, computations are made 
to properly balance the various parts about the axis of yo. 
tation. All oscillating weights are balanced about the 
trunnions and, as far as practicable, the revolving weights 
are balanced about the vertical axis of the turret. After 
the upper portion of the turret has been sufficiently de. 
veloped, consideration is given to the question of ammuni- 
tion supply. The best methods for storing and handling the 
projectiles and powder charges are agreed upon, and maeb- 
inery is developed to supply projectiles and powder to the 
gun at the maximum rate, at least three rounds per minute, 

In the design of powder hoists, it is considered import- 
ant that the supply of powder from the magazines to the 
guns be conducted with the least liability of danger to per- 
sonnel and safety of the ship from explosions that may 
occur in various parts of the turret. To accomplish this, 
flame-proof doors are provided in all handling rooms, and 
the hoist is designed with interlocks, arranged in such a 
way that there is no direct communication between the tur- 
ret chamber and magazines at any time. In order to localize 
the damage resulting from premature explosions and other 
causes, it is the practice to provide divisional bulkheads 
between individual guns, and to enclose the turret office 
and fire control group in a booth at the rear of the turret. 

With the preliminary plans available, the Bureau of Ord- 
nance is prepared to supply the Bureau of Construction 
and Repair and the General Board, within a few days, with 
such information as is required to develop the preliminary 
plans of the vessel. In case information is requested re- 
garding plans of a type of construction which has not been 
anticipated by the Bureau of Ordnance, the development 
work proceeds in a manner similar to that described above, 
but it is not possible in such a case to prepare plans in 
the same amount of detail. As an illustration of what may 
be accomplished in an emergeney, the recent preliminary 
plans for the 6-inch twin mounts for scout cruisers were 
prepared, and complete information regarding weights, 
cost, ete., furnished within a period of three weeks. This 
mount represented an entirely new departure in 6-ineh 
mounting, but owing to the close cooperation existing be- 
tween the Bureaus of Construction and Repair and Ord- 
nanee it was possible to furnish complete information re- 
garding the mount, and necessary modifications to the ship 
plans, so that a decision was reached by the General 
Board and recommendations made to the Seeretary of the 
Navy regarding manufacture within the short period of time 
mentioned. 

The Bureau of Ordnance has a series of standard ord- 
nance allowances of ammunition, spare parts, tools, acces- 
sories, ete., and the caliber and type of guns having been 
once established, the use of these tables permits the Bureau 
of Ordnance to supply the Bureau of Construction and 
Repair with a table of estimated weights and ceniers ol 
gravity for all ordnance material entering into the design. 
Tables are also furnished the Bureau of Construction and 
Repair, giving the working circles required for all guns, 
the trunnion pressures which the ship’s structure must 
withstand for each type of gun, and blast diagrams show- 
ing effect of muzzle pressures at various distanees. This 
gives all the data necessary to work up contract plans. 

The General Board is provided with tables and formulas 
which give all the data necessary to determine penetration 
of armor, the data being sufficiently broad to eover any 
combination of ealiber of gun and thickness of armor. 

While the General Board is diseussing the tentative de- 
signs, representatives of the technical bureaus are ca'led 
before it, and a general discussion of the various charae- 
teristics ensues in which armor is considered as well as other 
eharae*eris‘ies. The General Board then draws up tenta 
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tive characteris.ics and sends them to the Bureau of Con- 
struction and Repair, where the various sketches necessary 
to show the general details of the design are worked up. 

From these general sketches, which may cover a number 
of variations in design, the various weights of armor are 
computed by the Bureau of Construction and Repair, and 
then the drawings and weight data are turned over to the 
Bureau of Ordnance for detailed study. This study is based 
on general principles of protection only. If the records of 
the Proving Ground cover experiments which parallel the 
conditions laid down in the design, the bureau can deter- 
mine with reasonable accuracy the protection which the 
various designs afford. If the ship possesses any unusual 
features, it is probable that no experimental data will exist 
covering parallel cases, and in this contingency it will prob- 
ably be necessary to undertake a certain amount of experi- 
mental firing at the Proving Ground. 

When the Bureau of Ordnance has completed its pre- 
liminary analysis of the design, or designs, a report is sub- 
mitted to the General Board, through the Navy Depart- 
ment, which points out how closely the proposals meet the 
requirements, or points out where modifications or changes 
in the proposed designs may be made with benefit to the 
protection. Up to this stage the quantity of armor al; 
lotted to the ship or, in other words, the percentage of 
weight which can be devoted to armor protection, has been 
more or less approximate, and if the research of the Bu- 
reau of Ordnance shows any unusual conditions, it may 
be necessary that the allocation of armor be changed. For 
instance, it may be that a proposal will be made to change 
the arrangement or armor in such a way as to lighten the 
total quantity of armor required, or it may be that the re- 
search will show that the protection afforded is entirely 
inadequate and it may be necessary to request an addition 
to the allocation of weight for armor. 

Upon these preliminary researches, the General Board 
generally bases the final general characteristies of the ves- 
sel, and these final characteristies are again transmitted 
to the Bureau of Construction and Repair for the prepara- 
tion of final plans. 

These final plans are again referred to the technical bu- 
reaus, and the armor plans are then gone over with the 
lea of investigating them to determine with precision, not 
only the amount of protection afforded, but the details of 
construction, size of plates, connection between plates and 
bulkheads, ete. It is generally the custom of the Bureau 
of Ordnance to lay these plans before the manufacturers of 
armor, in order that the details of plate size, ete., may be 
agreed upon. 

After this work has been coneluded, and the General 
Board has given final approval to the plans, the Bureau 
of Construction and Repair draws up contraet plans, which 
are again referred to the technical bureaus. These con 
tract plans are then transmitted to the armor manufacturers 
for detailed comment, and final fixing of joints, gauges, 
size of plates, ete. 

In general, the cognizance of the Burean of Construction 
and Repair and the Bureau of Ordnance in regard to the 
armor is as follows: the Bureau of Ordnanee is, in general, 
responsible for the quality of armor and its manufacture 
in conformity with the contraet plans. 

The Bureau of Construction and Repair is, in general, 
responsible for the means of attaching the plates to the 
ship, connecting the plates to each other, ete. The two bu 
reaus work together jointly in insuring that the plates are 
made as large as possible (to eliminate joints), and that they 
are seeured to the ship and to each other with the greatest 
security possible, consistent with the capabilities of the 


armor manufacturers. Similarly, the Bureau of Ordnance 











MILITARY CHARACTERISTICS AND ORDNANCE DESIGN 113 


is responsible for fixing the manufacturing tolerances and 
dimensions to meet the demands of the ship builders as ex- 
pressed by the Bureau of Construction and Kepair. 

Prior to the advent of what may be styled modern con- 
struction, various arrangements and thicknesses of armor 
were tried, use being made of the obliquity of impact. 
Gradually design settled down to vertical belts, with few 
variations, the Kahtadin being the only ship which depart- 
ed from this principle, 
gradually increasing its ascendancy over the projectile. It 


From 1887 to 1903 armor was 


was during this period that modern naval construction ideas 


were really developed. During this period the torpedo 
had an insignificant range and the ram was frankly con- 
sidered. Gradually, the power of guns was increased, the 
range of torpedoes was increased, and ram discarded and 
the generally aecepted battle After 


about 1903, however, the development of the projectile and 


range was increased. 


the further increase in gun power gradually reduced the 
ascendancy of armor. This evolution has proceeded to the 
present day, but until about 1917 architecture never varied. 

During the past few years there have been two distinct 
developments in naval architecture which affect 
It is now coneeded that torpedo risks may be incurred, 


armor: 


and this development in opinion has been coincident with 
a very important and efficient development of anti-torpedo 
and anti-mine protection. Whether the change in opinion 
resulted from the development of under-water protection, 
or whether it was independent of it, is a question, but it 
is evident that in the present state of opinion and under- 
water protection, greater risks of torpedo damage will be 
taken. If this is correct, we are again forced to the con- 
clusion that a material increase in the relative efficieney of 
our armor protection is mandatory. The other develop 
ment in architecture is the inelination of the side armer 
outboard, which was first (recently) used on the British 
hattle cruiser J/ood, and later copied on our battle cruisers. 
These are the first instanees of a departure from that sys 
tem of architecture which had been followed so consistently 
for about twenty-five or thirty years. It is true that in 
our battle cruisers the inclination was used to bolster a mark- 
edly small plate thickness, and in the Hood it was used to 
cover a redue:ion in thiekness of the belt to 11 inches trom 
13 inches in the Queen Elizabeth. 
break in the long train of similar ships. 


However taken, it is a 


Before armor can be properly distributed, it is necessary 
to know: 


(a) The chanees of hitting various parts of the ship. 

(b) The kind of projectiles the armor must resist. 

(c) The effect of such projectiles on armor in various 
arrangements. 


When considering armor, the thickness and quantity are, 
of course, limited by weight. Taking this limiting weight, 


we must properly balance the protection given various parts 


of the ship working on the principle of “all or none;” that 
is, vital parts should be fully protected, but very valuable 
weight should not be lost by the distribution of light armor 


around unimportant parts of the ship. At a very short 


range the side armor rece ives more hits, but at medium a? d 


long ranges more hits are recorded in the deek armor tha 
in the side armor. At modern battle ranges only about 25 


per cent, or less, of all hits will be received in the side 


»] n Side 


armor and the target is essentially a horizontal o 
armor must be thicker than deek armor, not because it is 
more likely to be hit or covers more vital parts, but because 
at short range when velocity is high it is subjected to more 


direct impact. Side armor may be hit at normal impact, 


but deck armor will probably be hit at an angle of more 


than 45 degrees from the normal. It would be useless to 
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provide very heavy side armor and very thin deck armor, 
or very heavy deck armor and very thin side armor just 
below the water line, where direet hits may be received. 

In regard to attack by bombs from aireraft, there seems 
little to be feared in the way of penetration. A bomb 
simply dropped obtains a disappointingly small velocity 
even when dropped from so great a height as to make its 
aim uncertain. Even when dropped from extreme heights, 
bombs will reach a certain velocity at which the acceleration, 
due to gravity, is equaled by the retardation due to air re- 
sistance. This is called the “terminal velocity,” and a study 
of it shows it to be small. To actually drop a bomb with 
the hope of its weight carrying it through the protective 
deck is practically impossible. It would take an altitude 
of about 10,000 feet to put an armor-piercing bomb through 
a 3'%-ineh deck. 

The next question is that of armament; here we are, as 
always, limited by weight and space, and several factors 
must be considered. Our doctrine should be the maximum 
number of the lightest and handiest guns which will, at 
extreme fighting range, sucessfully penetrate the heaviest 
armor with which enemy craft will oppose them. The 
factors governing the decision as to the type of primary 
armament as regards its caliber are: 


(a) Range 

(b) Penetration 

(ec) Explosive effect 

(d) Probability of hitting 
(e) Rapidity of fire. 


The total weight allowance will fix the number of guns and 
as between different calibers the factors which most influ- 
ence decisions are (b) and (d), as the differences between 
the others are small. The Naval Treaty on Limitation of 
Armaments has fixed the caliber at 16 inches, and it thus be- 
comes a race between designers as to who ean turn out 
the most powerful gun of the lightest weight, the two vari- 
ables being muzzle velocity and weight of projectile. 

The most advantageous composition of battery as re- 
gards the caliber for the primary armament having been 
determined, it remains to decide upon the arrangement of 
battery in order to obtain the greatest are of fire, or maxi- 
mum fire efficiency, from each gun. The American practice 
has been standardized, and it is.believed that the four 3- 
gun turret arrangement of the Pennsylvania presents the 
best solution of the problem. 

To sum up, the general conditions governing the primary 
armament of the modern eapital ship are as follows: 

1. The greatest weight that can be allowed for the arma- 

ment. 

2. The number of guns required. 

3. Their disposition within each turret (twin, triple or 
quadruple). 

4. Disposition of turrets (superposed, echelon, ete., as 
affecting the weight of armor carried). 

5. The weight of the projectile and powder charge as 
affecting the number of rounds of ammunition to be 
carried per gun. 

It is evident that for similar types of guns and turrets, 
the larger the caliber of the gun, the larger the turret, and 
the greater the ammunition weights, and, although modern 
design has done something te reduce the ratio, it is still very 


large. 

The main battery does not fulfill all the necessary fune- 
tions required of the complete ship’s battery, and it is 
necessary to place on board ship additional weapons which 
are in the nature of a protective armament to fulfill special 
requirements. The primary mission of a battleship has 





already been cared for by the installation of the heavy 
armament which is given priority throughout. Therefore, 
when we come to this secondary armament we find that the 
greater part of the allowable weight has been used up and 
that the best spaces and locations for guns have also. been 
assigned. Consequently, the secondary armament is limited 
to the smallest calibers, the lightest weights, and the smallest 
number of units that can be expected to do the required 
work acceptably. The arrangements for these secondary 
batteries are influenced all the way through by the priority 
given the main battery, by the necessity for limiting the 
size and number of guns, and by the necessity of avoiding 
blast interferences. Ships are crowded more and more by 
the demands for a heavier main battery, more armor pro- 
tection, and more speed and greater steaming radius. It 
is believed that for future construction the secondary bat- 
tery will probably be mounted in blast-proof enclosed 
mounts closely resembling a small turret. This appears to 
be the best compromise solution that can be obtained. Anti- 
aireraft guns—at least eight—will be on the upper deck so 
located as to give the best possible ares of fire, and will also 
be used as star-shell battery. 

In developing the detailed plans, the following points re- 

.quire constant and close cooperation between the Bureau 
of Ordnance and the Bureau of Construction and Repair: 
Ammunition stowage and handling arrangements— 
safety features. 
Torpedo stowage and handling arrangements. 
Arrangement of tops and conning towers for most effi- 
cient locations for fire control instruments (clear vision, 
ete.). 
Arrangements for mine stowage and mine tracks. 
Ammunition hoists and torpedo tubes on submarines. 
Also cooperation with the Bureau of Engineering regarding: 
Wiring and arrangement of instruments for plotting 
rooms, torpedo tracking rooms, and all fire control and 
torpedo control stations. Generally, all voice tube and 
telephone leads and outlets. 

It is desired to point out, in connection with this diseus- 
sion, the very close relation between technical ordnance and 
gunnery ideas and ship construction ideas, as regards de- 
sign of ships. Even such a matter as the construction of 
the enemy’s fuses has a tremendous effect. We do not fire 
at ships merely to penetrate side armor or to disable per- 
sonnel, but to accomplish their destruction. The protec- 
tive deck is at present the most interesting target, and we 
ean not build our protective decks without a clear idea of 
what the enemy’s fuse is capable of. 

Colonel Warren Decorated 

During a review of the 212th Anti-Aireraft Artillery at 
Fort Totten, New York, on August 11, the Distinguished 
Service Medal was conferred upon Colonel Charles Elliott 
Warren, Treasurer of the Army Ordnance Association. 

The presentation was made by Major General Harry C. 
Hale, U. 8S. Army. The citation of award is as follows: 

“Charles Elliott Warren, lieutenant colonel, Ordnance 
Department, United States Army. For exceptionally meri- 
torious and distinguished services while in charge of 
finances of the Small Arms Division, Ordnanee Office, where 
his eminent ability as a financier and as an executive of 
large affairs, and also his previous military training were 
invaluable in the early organization of the division. Later, 
as Chief of the Small Arms Section, Procurement Division, 
Ordnance Office, and as one of the members and vice gov- 
ernor, the War Credits Boards, Office of the Secretary of 
War, he rendered conspicuous service in the conduct of its 
immense affairs.” 








Photographing 


GEORGE A. 


HE subject of the air phenomena which occur when 
a body is projected through the air at high velocity 


has received a great deal of study from many in 


vestigators. this field may be noted 


Among the pioncers in 
the wonderful results of Monsieur Bull, Professor Boyes, 


and Dr. Cranz, who by their masterful handling of th 
problem have made it possible for the present workers to 
avoid many pitfalls which beset the student of ultra-rapid 


photography 
lt 


illustrate a 


l } 
ich Wii 


2 700 


first noted that a photograph wh 
bullet which is traveling at the rate of 
feet per second has to be taken with an exposure of about 
Do 


should be 





1 10,000,000 of a second, in order that the image will 


The bullet travels at the rate 
lasting 


sharp and not show a blur. 
of 32,400 an exposure 
132,400 of the bullet 
inch during this period, and this would cause a very bad 
Many have been tried 
cient illumination in this short period of time; 


inches per second, and 


a second would allow to move one 


blur. methods to furnish si 
among these 
are magnesium ribbon, which was found to be entirely too 
slow; the instantaneous flash from a powerful are lamp, 
which offered almost insurmountable mechanical difficulties ; 
and finally the electrie spark, which has been the most sue- 
eessful. The results deseribed in this article have been ob 
tained by photographing with the aid of the eleetrie spark. 
Th 


‘re is one problem involved in the use of the electric 


spark which has to be overcome before any results can be 


obtained. This is the oseillatory discharge which inevitably, 
follows the discharge of a condenser, unless it is damped 
out by suitable means. 

the facet that when a 


denser discharges across an air gap, it overshoots the mark 


This condition is caused by con 
and partly charges the opposite plate, which in turn dis- 
the 


a damped eireuit the re- 


this condition eontinues until flow 


In 


sistane? and inductance of the cireuit make it impossible 


charges back, and 


of electricity comes to rest. 


for the reaction to take place so quickly, and there is a 
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Fig. 1. 
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Photograph of flat-bas2d bullet piercing cara: ve 


The 


is quicker, but as each oscillation makes an- 


corresponding on un- 


damped spark 


damping action the spark. 
other image on the photographie plate, these images over- 
lap, 
taking the pieture. 


and eause a general fogging action which prevents 








Bullets in Flight 


By 


MILLER, JR. 


The apparatus used for this work is comparative S 
ple, the only complicated portion ot it beme the ealeu 
tion of the proper length of the electrical cireuit nd t 


proper inductance to use for damping out the spat 


tioned in the last paragraph, 
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Fig. 2. Photographs of flat-based and boat-tailed bullets in flight 
A. Flat-based bullet at 2,600 f. s 
B. Boat-tailed bullet at 2,600 f. s 
C, Flat-based bullet at 1,152 f. s 
D>. Flat-based bullet at 912 f sx 
] Boat-tailed bullet at 96 
A light-tight box is used to prevent the fogging of 
plate while the gun is being prepared and fired, and this 
hox should be large enough to prevent any interference: 


with the air waves which are created by the bullet. Exper- 
ence has shown that the presence of any body nearer than 
14 to the bullet will 


waves, with a corresponding error in their position whe 


inches eause interference with the 


photographed. Experience has also shown it takes at le: 
to 


bullet passes through any body, such as a card or piece o1 


ys] 


tive inches for the air waves appear normal after 
board. 

Fig. No. 1 is an ultra-rapid photographie view of a ser, 
ice, caliber .30 flat-base, 150-¢ bullet flight at a ve 


2 This photograph is rea 


rain In 


locity OL 2, na 


700 feet per second. 
able for the number of different air phenomena which 
fleeted sound wave caused 


indieates. For example, there is r 


by the original bow wave of the bullet striking the ear 
There is also a faint sound wave nearer the ecard, whi 
was caused by the impact of the bullet on the ecard. | 
fragments of the eard are suspended in the air, and h: 
not had time to ehange their position very muel 
bullet has pieked up a completely new set ol waves, wi 

have promptly taken their normal form. As air ean or 
he photographed owing to a change of density, this chang 
hy Ing either one of pressure or temperature, it 1s diffi 

to explain the large amount of air disturbance created 


s picture. The onlv explanati: 


in th 


the base of the bullet 








116 ARMY ORDNANCE 


which ean be advanced is that the foree of piercing the card 
was sufficient to greatly heat the air, which was in turn 
drawn into the vortex of the cone of the air wave follow- 
ing the bullet. Attempts are being made to duplicate this 
photograph using a steel plate instead of the eard. 

Fig. No. 2-B illustrates the air phenomena surrounding 
a boat-tail bullet. It should be noted that the wake follow- 

















Fig. 3-B. Fig. 3-A. 


ing the bullet, which has been tentatively termed the trail, 
is very much smaller than that of the flat-base bullet, and 
it is thought that this is the reason why the boat-tail bullet 
has relatively greater range. This picture, however, is not 
typical of a perfect boat-tail bullet, because of the double 
bow wave. This view illustrates perfectly the boat-tail 
phenomena, but httention is particularly invited to the bow 
waves. There appear to be two waves from the bow, and 
the explanation fs that the point is gyrating while the base 
flies true. Thisfis a condition which could not last long 
according to phfsics, and it is regretted that it was not 
possible to photdgraph this bullet a few thousandths of a 
second later to Jee what happened. This bullet was off 
center at the poi Its velocity was 2,600 feet per second 
and the bullet weighed 180 grains. To illustrate the fact 
that the waves cfeated by the bullet in its flight were ae- 
tually sound wavs, and as such were susceptible to the law 
of sound, a nufpber of different velocities were photo- 
graphed and a feiv of the resulting pietures are here given. 

Fig. No. 2-D siows a flat-base bullet with a velocity of 
912 feet per secfnd. No bow or, tail waves are evident, 
because the bullft traveling at this low velocity is not 











traveling as fast as sound would travel, and any sound 
created by the bullet would travel ahead of it. It should 
be noted, however, that the trail is quite distinct. 

Fig. No. 3-A shows a flat-base bullet with a velocity of 
1,080 feet per second (the velocity of sound at 0°C). As 
might be expected, the waves have taken a vertical posi- 
tion, bending at the center toward the bullet which tends 
to carry them along at a slightly higher rate than that of 
sound. The outer edges of the wave slow down to the 
velocity of sound. 

Fig. No. 2-C shows another flat-base bullet traveling, 
however, at 1,152 feet per second. The effeet of the bul- 
let’s pulling the sound wave along is more marked in this 
picture owing to the higher velocity. The sound wave 
created by the impact of the bullet on the eard which it is 
penetrating should be noted just ahead of the point. This 
wave was no doubt passed by the bullet in the next few 
inches of flight. 

Fig. No. 3-B shows a boat-tail bullet traveling at 2,600 
feet per second. At this velocity both the point and base 
create definite sound which form distinct waves, as does 
the edge of the base at the beginning of the taper. The 
effect of the bullet’s carrying along the sound wave at a 
velocity exceeding its normal rate is well illustrated in this 
view. It has been noted also that the angle formed by these 
waves for a given ogive always bears a definite relation to 
the velocity, and the velocity has been calculated very 
closely in a number of eases. This part of the subject is 
being studied, however, and may be made the subject of a 
subsequent paper. 

Fig. No. 2-A is a typieal photograph of a flat-base, 150- 
grain, caliber .30 service bullet at 2,700 feet per seeond, 
showing the normal air waves. It should be especially 
noted that the tail wave and vacuum are very much broader 
than that of the boat-tail bullet illustrated in the preced- 
ing photograph. 

This work has proven a very interesting study and many 
remarkable results have been obtained which appear op- 
pos od to general opinion. For example, the action of the 
impact of an armor-piercing bullet on armor plate is at 
present the subject of a great deal of supposition. The 
writer hopes in the near future to be able to settle the argu- 
ment by showing the action on a photograph to be published 
in a later issue of Army ORDNANCE: 


‘Thei Manufacture of Optical Glass 


HIS book, Jprepared at the request of the Artillery 
Division off the Ordnance Office, is an especially 
valuable ad{lition to the available reading matter on 


the subject of optical glass technology. Colonel Wright’s 
war record as ditector of the investigations which solved 





the numerous and intricate problems of optical glass pro- 
duction under war-time conditions, and his experience on 


and of Optical Systems» 


LT. COL. F. E. WRIGHT, O. R. C. 


A Review 


various boards and committees controlling the produetion of 
optical glass and of fire-control instruments, as well as the 
experience gained through many years of special optical 
research in the Geophysical Laboratory of the Carnegie In- 
stitute, fitted him particularly well for the task of prepar- 
ing this volume. He was in charge of production and in- 
spection of optical glass at the plant of the Bausch and 























Lomb Optical Company from April, 1917, to May, 1918; 
the Army representative on the Military Optical Glass and 
Instrument Seetion of the War Industries Board from 
March 15, 1918, until after the Armistice; chairman of the 
Army Commodity Committee on Optical Glass and Instru- 
ments under the Director of Purchase, Storage and Traffic 
from April, 1918, until after the Armistice; and in charge 
of optical systems in the Fire Control Section of the Engi- 
neering Division of the Office of the Chief of 
from August 4, 1918, to June 18, 1919. 

While this new book is rich in information of value to the 


Ordnance 


producer of optical glass and to the optical manufacturer, 
the subject is presented in such a way as to be attractive 
to the general reader interested in scientifie and technical 
subjects. 

In the introductory chapter, the author deals with the 
growth of the demand for optical aids to observation and 
fire control in warfare and hence the need for optical glass 
Prior to 1917 practically all of the opti- 
cal glass used in the United States was imported and the 


ot cood quality. 


methods of production were the seerets of foreign factories. 
When the supply was shut off by the war, the urgent need 
for domestic production was at once recognized and steps 
were taken to develop the industry in this country. It was 
plain that unless something were done speedily to relieve 
the situation the Army and the Navy would not be equipped 
with the necessary optical instruments. 

Fortunately, there was at the Geophysical Laboratory a 
staff of trained scientists who for years had been studying 
problems related to glass making and this force was at once 
placed in charge of the development of optical glass manu- 
The principal chapters of 


facture to meet war-time needs. 


the book may be regarded as a report of the experiences 
of the author and his colleagues who entered as strangers 
into this new field of endeavor, and, by the application of 
scientifie methods, accomplished as much in a short time as 
had been accomplished in several decades by the methods of 


Not only this 


the necessary knowledge was gained to place the manufae 


trade secrecy. was done, but in addition, 
ture of optical glass on a scientific basis rendering it pos 
sible for one to write down the formula for the composi 
tion of a batch to meet specified optical requirements. 

In Chapter II we find, first, a deseription of the 


teristics of the eye, of the condition for good vision and of 


charae 


the ordinary residual aberrations which are always found 
to a greater or lesser degree in optical instruments; and, 
second, a deseription of those numerous detects in glass 
which must be eliminated or reduced to small amounts it 
the material is to be used in the manufacture of optical in- 
struments. 

The residual aberrations which all optical instruments ex 
he detected if sufficiently powerful 


hibit, and which may 


means be applied, are explained, although perhaps too 


briefly. A correct impression, however, is conveyed to the 
mind of the reader and he realizes that the optical parts of 
any good instrument must not only be but 
also construeted of glass of high quality and adjusted with 


well designed 
great care. It at once becomes obvious that the glass from 
which these parts are made must be clear, 
colorless and of a degree of optical uniformity quite be 


transparent, 


yond the comprehension of those not familiar with the art. 

Then through a deseription of the various defeets which 
may render glass unfit for use in optical work, the reader 
is brought to see that optical glass is very different from 
that its 
extreme 


other and manufacture 


controlled 


glass intended for uses, 


must of neeessity be with eare at all 
stages of the process in order to produce glass having the 
required freedom from defeets. 


In deseribing the details of optical glass manufacture, the 


“THE MANUFACTURE OF OPTICAL GLASS AND SYSTEMS” 
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author opens wide the doors of publicity upon the vital 
processes of the art so lone held closely secret in other 
lands. Through the application of proper methods of 
scientific analysis, valuable information previously unknown, 
apparently even to the possessors of old world glass-making 
secrets, became available. Raw materials, pots, furnaces, 
batch composition, mixing, filling, skimming, stirring, cool- 
ing, annealing, breaking up, holding and fine annealing are 
dealt with concisely but adequately. The after treatment 
and the preparation of the glass in slabs is diseussed and 
the inspection of the product for defects presented at some 
length. 

The chapter on the inspection of optical glass deseribes 
the usual methods of examination for the various defects, 
and shows very clearly the importance of inspection in re- 
jecting unsuitable glass before time has been spent in work 
ing it up into finished optical parts. 

The making of optical glass no longer consists solely in 
the mixing of a secret batch handed down from father to 


son. The alchemy has been taken out of it and now there 
is little room for the deftness or skill of the artist. The 
physicist and the chemist have taken the matter in hand 


and, while giving proper regard to the glassmaker’s experi- 
ence, have made it a problem of precision factory control. 
The training and the viewpoint of these scientists 
tial in the attainment and maintenance of high quality in 


Is essen- 


the product. 

It was not the original intention to inelude the chapters 
on the manufacture of lenses and prisms, and the inspection 
of finished optical parts and systems. These were added 
later at the request of the Chief of Ordnanee, 
thought that they | 


prove to be a 
to the volume from the standpoint of the Ordnanee Depart 


as 1t was 


would valuable addition 


ment. ‘To the general reader and to the prospective routine 
inspector they will prove instructive, but for those actually 
engaged in the produetion or precision optical parts, the 
treatment will be found to be rather general. 
The closing chapter is a retrospective consideration of 
the activities of the war years. Interesting sidelights on the 
difficulties and obstacles which had to be met and overcome 
are here reeorded. The suggestions made for future work 
may well be given serious consideration and on this point 
the reviewer can do no hetter than to quote some of the 
author’s lines: 

“War-time experience proved the need and value of train 
ed personnel to organize and coordinate seientifie and tech 
nical work; it proved the futility, as in the above case, of 
assigning any man or officer to a technical task for which 
he has no background of experience at least along similar 
It demonstrated the necessity of centralizing among 
the task of 
which arise in connection with a technical matter such as 


lines. 
a competent few handling the many factors 
optieal glass and optical instruments. , 

“Too strong emphasis can not be placed on the need for 
properly trained personnel to handle technical problems of 
this nature. In the last analysis personnel is the prime fac 
tor involved, the 
properly organizes and eoordinates its scientifie and teel 


ealled 


cveney, has an immense advantage over a nation whose army) 


and nation which, during peace times 


nical forces so that they ean be upon in an emer 


and navy are out of touch with these forces. Proper co 


operation between the civilian and military elements is es 


sential in peace times if there is to be an effective workin 
torether during war times. Failure to appreciate th Lac 
before the war cost the country much during the r an 
after. In highly technical lines, especially those lines whic! 
have to do with engineering and technical problen he 
special skill and experience are necessary, civilian exper! 
are contmonly in close touch with the details an re ll 





us 


position to give good advice and aid. One of the chief diffi- 
culties encountered during the war was the remedying of 
errors made by officials and officers who had been detailed 
to the job but who lacked knowledge of the problems and 
were in many instances a hindrance rather than a help. 
“This situation can be met only by a realization of the 
need for the adequate training of a few selected men in the 
Army along optical lines, not simply as users of optical in- 
struments, such as range finder and field battery observers, 
but also, as inspectors of optical instruments. It is equally 
essential that a certain number of civilians, who are well 
grounded in optical theory, be instructed in peace times 
in ordnance optical instruments, their field use, care and 
inspection, so that in case of war these men may be ready, 
as a nucleus, to bear the burden of inspection and manu- 
facturing supervision and to train others rapidly to be- 
If a peace-time policy of this 
in these matters would 


come qualified inspectors. 
sort were followed civilian interest 
be maintained with the result that 
potential organization of high efficiency would be available. 


in the event of war a 


War-time experience proved that men with a good working 
knowledge of opties soon became proficient inspectors and 
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officers competent to handle optical matters; but that men 
without this background of optical training, assigned as offi- 
cers to optical instrument problems, proved incompetent 
and actually did more harm than good, stopping production 
here because of the arbitrary setting of tolerance standards 
which could not be met, and expediting production there 
which eventually proved to be useless because of the lack of 
proper tolerances and competent supervision. In retro 
spect, these occurrences may be passed over with equanimity, 
but during the war they meant constant trouble and dis- 
couragement both for the manufacturer and for the field 
forees; nor did it increase the respect of the manufacturer 
to find the Army officer ignorant of the essentials of the 
technical subject to which he had been assigned and hence 
incompetent to deal with it intelligently and constructively.” 

Taken as a whole, this volume represents a most valuable 
contribution to the industrial progress of the country and 
covers in a very adequate manner a subject of vital import 
be mili 


+ 


ance in our program of preparedness, whether i 
tary or otherwise. 

Ordnance Dept. 
Printing Office, 1921. 


Doeument No. 2037, pp. 309. Govt 


Development of Aircraft Machine Gun 


The Ordnance Department has been developing an air 
eraft machine gun of .30 caliber during the last two years 
for use by the Air Service. 
gun shall function as well or better than the present stand- 
ard types of synchronized aircraft machine gun, and that 
the feeding shall be accomplished by a continuous link belt, 
eapable of feeding from either the right or left hand side 
there be no 


The requirements are that this 


of gun. It is also considered advisable that 


extra parts necessary to make the change of feed. 


The Department has just completed the second model otf 
this type of weapon, which is known as the U. S. Aireratt 
Machine Gun, Caliber .30, Model of 1922. The require- 
ment as to interchangeability with no extra parts has been 
met. The functioning so far is considered satisfactory, and 
a total of 15,000 rounds have been fired to date with only 
a limited number of malfunctions and breakages. 

The rate of fire is from 700 to 1,000 shots per minute, 


which means that 16 bullets leave the barrel every seeond. 
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American citizens who have 
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Accuracy Tests—Two 75-mm. guns, model of 1897, of French 
manufacture, have been given a recent test at Fort Sill in 
order to determine the effect of rounds fired upon accuracy, 


and the results as set forth in the following table are of partic- 
ular interest in that there has been no apparent decrease in 
accuracy. 

The two guns in question, Nos. 


13688 and 14178, have been in 


use at Fort Sill for over four years, and it is estimated that 
each has fired over 20,000 rounds. The test consisted in fir- 


ing these two guns in conjunction with two new guns, using 


the same tots of ammunition, the same range setting, and fired 
on the same day, in order that correction factors might be 


eliminated as far as possible. The 
observed, and the probable errors in range and 


point of fall of the shell was 
deflection were 


calculated. 

At a later date the muzzle velocities were determined for 
all four guns, using the Aberdeen chronograph, but as the 
older guns were tested in May, and the newer guns in July, 


the difference jn atmospherie temperature of nearly 50 de- 
grees introduced a correction factor that in all probability was 
greater than was warranted. 


Elevation 


Range (yids) 


Average change in range (yds 
Probable error in range (yds) 
Probable error in deflection (yds) 
Muzzle velocity caleulated from range 


Muzzle velocity measured 


noted that the 
viven by the 


table it will be 


than 


From the 
had a 
measured 
imately the 


above two new guns 
tuble, but the 
approx 
from the 


greater range 


muzzle 


range 


velocity without corrections was 


same as that muzzle velocity calculated 


range. The measured muzzle velocity as determined from the 
old guns was determined under approximately the same 
climatic condition as when these guns were fired for range, 
and it is to be noted that a very close agreement exists in the 
two figures for gun No, 14178, while a disagreement exists 
for gun No. 13688; but, as this latter gun had a loss in 
range of nearly two per cent and a probable error in excess 
of that given by the range table, it is considered that this 
disagreement may actually exist. 

The probable errors as given in the range table are 50 per 
cent zreater than actually determined from firing data at the 


that the actual 
tables were 
the new 


it will be noted 
when the range 
for 


Therefore 
error, as was determined 
api 


Proving Ground, 


probable 


made, is roximately the same as given one of 


guns and old gun No, 14178 The above table seems to bring 
out, however, that in the condemnation of guns, care should be 


exercised in removing guns from a battery for wear until it is 
definitely shown that their accuracy has been seriously im 
paired, due to erosion. 
Deformation of lop Carriage, 4.7-inch Gun Carriage. In 
the proot firing tests of this material at Rock Island Arsenal, 
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be found in the January 
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Artillery Division Notes 





ORDNANCE in an article, ‘‘New Four 
The arms of the top carriage 
the trunnion seats (A) moving 
inch (.02) in each direction, 
mane apart .02 inch at the 
(B) moved upward .002 inch. 
to the rear and down and in spreading is in the direction that 
would be expected in case of a failure. However, the distor- 
tion of the front clip in an upward direction was unexpected, 
as calculations did not indicate a force that would create such 
distortion. In the same firings the quick return lock between 
the cradle and the rocker was deformed in a direction indi- 
cating that at some time during firing there was a movement 
of the muzzle of the gun in a downward whip. All firings at 


Point Seven Guns. 
settled to the rear and down, 
about two hundredths of an 
and at the time the arms 
trunnion The front elip 
The distortion of the arms 


same 


seats. 


Rock Island Arsenal were conducted at zero elevation, since 
there is no firing range available and it is necessary to fire 
into a sand butt. At this elevation the jump of the carriage 
would be greatest and any whip in the tipping parts would 


be accentuated. 








This latter distortion led to an investigation to determine 
the forces acting on the top carriage during firing. Copper 
Table New Guns Old Guns 
Range 20217 20053 14178 13688 
193 193 193 193 
5358 S80 9294 5150 
4 =. 5. — — 235 
>] 13 24.2 14 27 
! 2 4.7 3.6 5.3 
1755 1763 1767 1721 1668 
1765 1766 1723 1707 
crusher gages one inch in diameter were prepared and placed 
between the eradle and the rocker at D on either side of the 
the top carriage at the point C. The quick release mechanism 


that 


the gun 


ock between the eradle and the disengaged, so 


only the erusher 


rocker Was 


copper 3s prevented movement of 


and 





eradle in elevation and depression. The materiel was 
fired several rounds, using both gun and howitzer and moving 
pictures were taken of representative rounds both with the 
carriage free to jump and with the carriage chained down to 
prevent jump. The results of these firings are shown in the 
following table, the figures given being transposed to the foree 
exerted on the elevating pinion. The calculations indicated 
that no force would be exerted on the elevating pinions in the 


lirection of depression. 





t.7-inch Gun Carriage free to jump Muzzle velocity 2,450 f.-s, 
with 50-lb. projectile. 
Depre ssion ©, Elevation D. Elevation dD. 
Round Velocity Gaae Gac Calculated 
f.-8. lbs. lhe, bs. 
] 2 504 82 200 2? POO 15.000 
2 2 500 2? S00 20.700 15,000 
| 2 493 22? 500 21.900 15,000 
t.7-inch Gun Carriage chained down to prevent ump. 
Depression C, Elevation D. Elevation D, 
Round Velocity Gade Gade Calculated 
f .-8. lbs. ibs, DS, 
| 18,000 25,800 5,000 
) 18,000 30,500 15.000 
155-mm. Howitzer fired with 110 per cent and 115 per cent 
charge—ecarriage free to jump. Normal muzzle ve 
locity 1850 f.-s. with 95-lb. projectil 
Depression C, Elevation D. Elevation D. 
Rou d V eloc ity Gage Gade Calculated 
f.-s. Ibs. Ihe. bs 
l 1,929 24,400 30.200 Not ealeulated 
2 1,967 31,600 30,500 Not eal ited 
155-mm. Howitzer Carriage chained down to prevent mp 


Normal charge. 


Depression ¢ klevation D. Elevat dD. 
Roune Velocity Gage Gade Calculated 
f 3 DS, lhs. 
} 1.873 23.200 97 TOU 9.156 
} 1.872 23 500 100 } { 
7" 1.875 21.300 30.300 At) 6 
The results shown in the table indicate that ther force 
in the direction of depression approximatel) 
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culated force exerted in the direction of elevation. In the 
case of the howitzer, the forces when the carriage is chained 
down to prevent jump are approximately equal to those with 
the carriage free when fired with 115 per cent charge. 
Analysis of the moving pictures shows that the muzzle of the 
howitzer whips sharply to elevation and then to depression, 
while the muzzle of the gun repeats the whip three times. 
The three blows of the gun apparently account for the larger 
load indicated by the crusher gage in the direction of eleva- 
tion as compared with the caleulated load for the gun, since 
the measured load checks very closely with the calculated load 
for the howitzer. 

The deformations in the top carriage in these firings were 
similar to those from previous firings but the deformation at 
the front clip B was downward instead of upward as indicated 
by previous measurements. It is possible that the first meas- 
urements were in error, as they may have been taken from a 
deformed part. However, the results of the firings indicate 
an unexpected force in the direction of depression, which must 
be considered in the design of this top carriage. 

The gages placed between the cradle and the front part of 
the top carriage C caused an abnormal load on the trunnions 
and caused them to spread. Further firings are planned at 
Aberdeen Proving Ground, using crusher gages between the 
elevating pinions and the elevating racks by altering a set of 
racks for this purpose, so that measurements may be taken at 
0°, 35° and 60° elevation. This arrangement of the gages 
should prevent abnormal loads coming upon the trunnions and 
other parts, and will permit measurements of the forces actu- 
ally occurring when the materiel is fired under ordinary con- 
ditions. The results of these firings should permit an analysis 
of the forces the top carriage has to withstand and furnish 
data for a logical redesign of the top carriage. 

3-inch Anti-aircraft Materiel—Trailer Mount—This mount 
was designed in the Ordnance Office and manufactured at Rock 
Island Arsenal where it was given a preliminary proof firing 
test. It was later shipped to Aberdeen Proving Ground for 
final proof firing and road test. 

The object of the test at Aberdeen as completed to date was 
to establish the powder charge, proof and adjustment of the 
recoil mechanism, proof and adjustment of the mount to with- 
stand the firing stress, behavior of the materiel when trans 
ported, adjustment in service and determination of wear in 
service. 
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3-Inch Anti-Aircrait Gun Trailer Mount, Model 1920E 


The powder charge has been established. The recoil mechan- 
ism, which is of the hydro-pneumatie type, works smoothly 
through all angles of elevation. The elevating mechanism, 
which is assisted by the spring equilibrator, works with en- 
tire satisfaction. The traversing and traversing deflection 
mechanism works satisfactorily and there have been no broken 
or deformed parts due to the firing or road test. 

The outrigger floats have sufficient area to support the 
mount, which has been fired on turf both wet and dry and on 
sand and clay mixture. 

Two hundred rounds have been fired and the trailer with 
mount assembled has traveled 550 miles on the road test at 
an average rate of 11 miles per hour. 

The report shows that the mount was stable at all angles 





of elevation and traverse and that, starting with the mount in 
traveling position, five and one-half minutes are required to 
get into firing position. This includes setting the outriggers 
and platforms, lifting the trailer so that -the weight of the 
mount is entirely off the springs, leveling the mount and re- 
moving the traveling lock from the gun. 


Rock Island Arsenal Notes 


Reconnaissance Tractor.—-The shop test of the 800-pound 
Reconnaissance Tractor has been inaugurated at Rock Island 
Arsenal. The tractor body is made of duralumin and _ is 
water-proof and intended to float. Considerable use is made 














800-lb. Reconnaissance Tractor, Right Side 


of Lynite castings for wheel bracket supports and similar 
parts. As shown in the photos the vehicle is supplied with 
propeller and rudders. The engine used in this reconnaissance 
tractor is a 4-evlinder, air cooled, Henderson motor. The 
Chase type track is employed. 

Tractor Power Cart. The 600-pound Tractor Power Cart 
which is designed as a eargo carrier is also constructed of 
duralumin and Lynite castings, principally. The body is 
waterproof and intended to float the vehicle. The eart is con 
trolled by the operator who walks behind it and can operate 








¢ 

















600-lb. Tractor Power Cart, Left Rear View 





the steering clutch and track brakes by pushing the lever, 
shown in the photograph, to the right or left. It is powered 
with a two-cylinder, air cooled, Harley-Davidson motor. The 
Chase type track is employed. 

Infantry Materiel—A model of a new .37-mm. Gun Car 
riage has just been completed at Rock Island Arsenal and 
shipped to the Ordnance Office. This new gun earriage is 
being developed with the view of producing a very light gun 
and earriage of great power which may be easily taken apart 
for transport. The parts are light enough to be carried by 
men or on mule packs. , 

The gun rests in a sleeve inside the counter-recoil spring 
evlinder which is trunnioned in the head of the trail. The 
gun has a drop block with percussion hammer firing mech 














anism. <A fixed orifice recoil 
spring cylinder. 

Elevation is controlled by a serew connected with the right 
trail member operated in a detachable nut on the eradle and 


turned by a hand crank on its upper end. Rotating the axle 


cylinder is mounted on the 


by means of cranks outside the wheels traverses the piece. 
The trail is made up of four tubes. The upper two are 
fastened to the threaded axle by quick release bearings. The 


lower tubes are fastened together by the spade and telescope 
into the upper ones when being carried. 

Army Artillery—tIn the preliminary proof firings at this 
arsenal with the 155-mm. gun and 8-inch howitzer carriage, a 
muzzle velocity of 2,978 feet per second was obtained with a 
powder pressure of 44,240 pounds per square inch, 


The carriage proved more stable at zero elevation with 
the 155-mm. gun than with the 8-inch howitzer as was to 


be expected, but will probably be satisfactory for both pieces 
throughout the ordinary ranges. 

The following are the weights of sub-assemblies of 
carriage with recoil mechanism for 8-inch Howitzer as 


the 


pounds 
Chassis, ineluding axle, spring, brake mechanism, cradle 


lock, trail connection pins and axle pivot pin 4,181 
Top Carriage, elevating and traversing mechanisms at 
tached 1,590 


Equilibrators (2) 830 
Trail, right 2 019 
Trail, left’ 


2,027 


Wheels (2) 1.916 
Spades (2) 1,780 

Recoil mechanism, with rockers and quick-return mech 
anisms (88-inch howitzer) $143 
Total carriage 18,486 


and the weight limbered with 8-inch howitzer is 29,137 pounds, 
of which 3,018 pounds is the limber weight and 557 pounds the 
accessories carried on the earriage. Other for the 
carriage weigh 929 pounds which, with the spades, are to be 
transported on the supply truck. 


aceessories 


Watertown Arsenal! Notes 


Cutting Machine 
Installed at 
a capacity for cutting 
having a minimum 


Earternal 
This machine 


for Larae Internal and 
Watertown Arsenal. 
both internal and external spur 
pitch diameter of 5 feet and a 
diameter of 41 feet with no limit to pitch to be 
eut. It has a maximum stroke of 15 inches and by adjust 
ment a minimum stroke of 4 obtained. 

A east iron face plate 32 feet in diameter, weighing 18 tons 


Gear 
Spur Gears 
has 
gears 


maximum 


inches is 


and made in halves, is attached to the front end of the 
main spindle. This spindle rests in three bearings, two main 
bearings and one outboard bearing, and a worm index wheel 
12 feet in diameter is attached to its rear end. 


The index mechanism is driven by a 1 H.P., constant speed, 











R.P.M. 


stopping arrangement for reversing the direction of index is 
contained in the index bracket. The index permits planing 


non-reversible motor at 1,700 The slow starting and 


internal and external gears of various pitches, and equipment 
consisting of change gears, gages for setting pump 
and connections and internal eutting attachment are provided. 
the the worm and worm gear 


tools, oil 


reduce force on 


In order to 
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required for 


rollei bearings ure 


indexing, large introdueed. 


These consist of inner and outer sleeves made of chrome 
bearing steel, with 1 inch diameter rollers, 12 inehes in 
length. The parts of the roller bearings have a sel roscopt 


100, 


about 
planing 


hardness of 


The mechanism is so arranged that tools 


torm 











can be used or th tool can be guided by special forms, de 
pending upon the shape of the teeth to be cut. 

While the face plate is 32 feet in diameter, extensions ar 
prov ded and bolted to the face plate on which racks ip to 
tl feet piteh diameter can be cut. 

The two main bearings form part of an upright frame 
which is bolted firmly to a_ bed plate resting on concrete 


foundations, The outboard bearing is also attached to a 
hed plate resting on a firm foundation. A third bed plate 
s provided upon which rests the base for the tool slide. 
This base ¢an be traversed from the pe riphery of a 41 foot 
diameter to approximately 214 feet from the center of the 
face plate by means of a serew and a nut, and driven by 
means of gears and a 5 H.P. motor running 1200 R.I.M, 


onstant speed with reversible control. 


To prevent deflection of the face plate while cutting the 


teeth, a thrust brace capable of being adjusted to three posi 
tions coinciding with three circumferential ribs on the back 
of the face plate and also for varying positions of ork 
on the extension arms, has been provided. This brace or 
finger is supported in a bearing secured to the rear bas 
plate and so controlled electrically that the operator of tl 

machine, when it is required to set for another tooth, can by 


means of a remote control solenoid arrangement, 


the finger 1/64 of an inch. After the index mechanism has 
set the work automatically for operation on the next toot! 
the finger is again brought back to the support on t real 


of the face plate by the operator by the remote control. 
The main tool drive motor is a 10 H.P. var es 
the speed varying from 300 to 1200 R.P.M. 
The cutting compound required in the cutting of teeth Is 


provided by a motor driven pump, the motor being a 1 H.P. 
1700 R.P.M., constant speed. 

The tool slide is provided with the usual tool post, per 
box, automatie feed in several directions, operated | logs 
for the adjustment of the feed and provided with pro sup 
ports for the various kinds of forms used In p | 
teeth, also housing for the rolls that engage the forms 

It is possible with this variable speed motor whet ling 
100 R.P.M. and using a gear 25 teeth on the driver | 63 
teeth on the driven to obtain a minimum of 6.6 sti AL 
minute, whereas bv running this same motor 160 R P.M, 
using a gear 44 teeth on the driver and 44 teeth on the ven 


and by means of 
obtained. 


minute, 
speeds may be 


to obtain 66 strokes per 


troller intermediate 
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The total weight of this machine is 200 tons, and the height 
from the floor to the extreme when extensions are attached is 
4 24.5 feet. The length is 53 feet and the width is 20 feet. 

The machine is operated from a platform attached to the 
base and on one side of the platform a panel is provided 
containing the control switches, automatic control and means 
for the complete manipulation electrically by the operator. 

As the base is traversed from the extreme outward to the 

xtreme inward position, the cables furnishing the current 
to the traversing motor are coiled on a spring actuating drum 
which automatically takes up the slack. 

This machine was procured for the purpose of planing 
traversing racks for the 16-inch Howitzer Barbette Carriage, 
Model 1920, and the 16-inch Gun Barbette Carriage, Model 
1919. The large face plate makes it possible to bolt the various 
, sections of the traversing racks to the face plate and plane 
5 the teeth on the whole rack in one setting instead of as 
heretofore machining the teeth in each section separately. 

The machine proper was designed and manuactured by 
the Gleason Works, Rochester, N. Y. The face plate was 
designed and manufactured at the Watertown Arsenal. 

Average Earnings.—It is believed that the following table 
showing the average earnings off per diem employees, of 
all salaried employees, and of all combined per diem and 
salaried employees, during the calendar years 1914-1921, both 
inclusive, and during June, 1922, will be of interest: 

Combined Salaried 
Salaried and Per Diem 
$1,007.59 $2.84 

1,017.51 2.90 

1,081.33 2.90 

1,190.75 3.51 
1918 4 1,316.10 1.40 
1919 t 1,473.05 1.56 
1920 }, 1,515.05 LSS 

t 
{ 


| Year Per Diem 
1914 $: 
1915 
1916 
1917 


wo fo bo to 
Oto ee 1 w= 


> 02 te © te 


1921 383 1,627.36 $.94 


June, 1922 .O64 47.82 t.744 


The actual average earnings during the month of June, 
1922, of per diem employees was 70 per cent, of salaried 
employees 55 per cent, and of all employees 67 per cent more 
than during the calendar vear 1914. The relatively high pet 
centum increase being paid all per diem employees is to be 
noted and also its effect upon the increase of combined salaried 


per diem employees. 
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Ma fact ¢ of : plit Rings for Breech Mechanisms. 
The manufacture of split rings as used in breech mech 
anism: usine loose ammunition rejulres considerable skill and 
greater number of operations in the course of product:on 
than would ordinarily be expected for what is apparently so 
simple a piece of the mechanism. 

Howevers as the split rings aetuated by the gas cheek pad 
are reqyuired to produce perfeet obturation, great accuracy 
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Figure 1 


in their manufacture must be maintained in order that the 
powder chamber may be absolutely sealed against the escape 


of gus to the rear. 

Before describing the manufacture of the rings, a_ brief 
deseription of their function should be of interest. 

Fig. 1 shows the assembly of the obturating mechanism 
of the 16-inch Mark IIT mechanism in place with breech 
mechanism locked. This assembly consists of the obturator 
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spindle, gas check pad, front and rear split rings, inner ring 
and filling in disk. 

The function of the obturating mechanism, as before stated, 
is to seal the powder chamber against the escape of gases to 
the rear. This is accomplished through the action of the 
pressure exerted by the explosion of the charge against the 
front face of the obturator head which in turn is transmitted 
to the gas check pad and through it to the rings which, 
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being split, are expanded outward against the gas check seat 
which is located directly to the rear of the powder chamber. 

The gas check pad which expands the rings and absorbs 
to a certain extent the shock of the explosion is a plastie pad 
composed of asbestos and nonfluid oil in proportion of 3 
parts asbestos to 1 part of nonfluid oil thoroughly mixed and 
compressed with a pressure of 500 tons and covered with 
canvas, and is assembled on the obturator spindle next to 
the head, the split rings, front and rear, .as well as the 
inner ring, being held in place by the corresponding form of 
the pad. To the rear of the pad is assembled the filling in 
disk which is of saw steel .02 inches thick. 

The obturator with the parts assembled in the order men 
tioned above is assembled in the breech bloek and locked at 
the rear by means of the obturator spindle nut; the obturator 
spindle spring, which is inserted between the obturator spin- 
lle and nut, holding the rings and pad securely in place and 
permitting freedom of action of the obturator spindle during 
firing. 

In action the pressure exerted by the exploding charge is 
transmitted through the obturator head to the gas check pad 
which being of a plastic character is forced outward against 
the gas check seat and expanding the split rings which rest 
on either side of the exterior of the pad. It is to be noted 
that the projected area of the obturator head is greater than 
that of the pad. Therefore the unit pressure on the pad is 
higher than that in the bore of the gun. 

As the split rings are considerably harder than the breeeh 
block, the filling in disk is interposed between the rear split 
ring and vas cheek pad and the breech block to prevent in- 
dentation of the split ring into the front face of the breech 
block. Upon the release of the pressure, the rings and pad 
resume their normal position and permit the mechanism to be 
freely opened. The positive sealing of the breech against 
the escape of gas to the rear is highly important as the 
eroding effect of the hot gases escaping under high pressure 
would very soon sear and erode the mouth of the powder 
chamber where the gas check seat is located so as to make 
the operation of the gun unsafe. 

Therefore, the accuracy of both the gas check seat and 
rings is highly important and great care in their manufac 
ture is required. The action of the split rings and gas check 
pad in addition to their main function of closing the breech 
against the escape of the gases is also to act as a eushion 
or shock absorber to prevent the locking of the meehanism 
due to the upsetting effect of the tremendous pressure exerted 
by the exploding charge against the breech block threads 
when locked in the breech. 

The split rings are made from high carbon or spring steel 
of approximately the following analysis: 

Carbon .95 to 1.05; Manganese .30 to .50; Silicon .08 to 
.15; Sulphur and Phosphorus not over .03 per cent. 

Where a large number of these parts is to be made for 
guns up to and ineluding the 240-mm. Howitzer, the rings 
are drop forged and for the larger guns are sometimes forged 
in the form of a eylinder and eut off to the required size. 
However, as the quantity of these parts usually required is 
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comparatively small, the cost of drop forge dies, or the cost 
of forging in the form of a cylinder, together with the greater 
possibility of rejection for flaws when forged and cut from 
a cylinder, is usually not justified and the rings required are 
therefore generally forged from bar stock of sufficient width 
(Fig. 2A) to permit splitting and forging in the form of a 
ring so as to procure continuity of metal without joint or 
seam. 

After forging to the dimensions shown in Fig. 2(B) (Rings 
for the 16-inch “Model III mechanism shown) the rings are 
carefully annealed to relieve all forging strains and to insure 
uniformity of structure as far as possible. 

The rough forged rings are then placed in a Blanchard 
grinder and the sides ground parallel to each other, remoy 
ing only sufficient stock to clean up forging. 

They are next rough turned and bored in a Bullard boring 
mill to within approximately .312” of finished dimensions 
(Fig. 2C) and then set up in a milling machine and split 
by means of .125” circular saw as shown in Fig. 2D. 

\fter splitting, the cut is carefully filed so as to make 
a good joint and the rings heated and set so that the open- 
ing left in the ring by sawing is tightly closed. The rings 
are then heat treated to realize the following physical prop 


erties: 


Elastie limit, 75,000 pounds; 
Elongation, 16 per cent in 2 inches; 
Tensile strength, 125,000 pounds; 


Contraction, .35 per cent. 


with th rings are sub 
and pulled to determine 


Further check is made by 


Test specimens which were forged 
jected to the heat treatment 
the physical properties obtained. 


same 


subjecting each ring to Brinell and scleroscope tests. 
After the heat treating operation the split in the ring is 
ground and fitted to make a perfectly tight joint and sweated 


together for further machining. The rings now rough 
ground to within .01” of finish thickness, rough bored to within 
1” and rough turned to .06” of finished dimensions (Fig. 2E 
In turning the exterior at this operation, which is performed 
by holding the ring in the chucks of a Bullard boring mill, 
the entire exterior is not roughed down, but a shoulder or 
approximately .062” thick is left unturned to permit 
clamping to table of boring mill in future operations. 

After rough machining, as described above, the joint or 
split is unsweated to entirely relieve any strains which may 
roughing operation, the joint again 


are 


coll 


have been released in the 
fitted and re-sweated. 
The rines are now ground to within .03” of finish thickness, 
eare being taken that the sides are absolutely flat and parallel. 
After grinding, the rings are clamped to the table of a Bullard 


boring mill placing the clamps on the shoulder on exterior 
of ring left at previous turning operation and bored, turned 
and the angle on side of ring machined to within .05” of finish 


dimensions (Fig. 2F 
After the above operation, the joint is again unsweated, 
refitted, resweated and then mounted on magnetie chuck in 


Heald internal grinder, rough ground all over to within .02” 
of finish size and finally finish ground to size, the joint 


opened, 
Great eare 


cleaned, marked and inspected (Fig. 2G). 
and accuracy are required in the grinding of 
the exterior diameters in order that they will seat perfectl 
in the gun. The rings are ground .01” larger than the gas 
check seat in gun and the split in the ring must be tightly 
closed when ring is free. 
Rerifling 240-mm. Howitzers. 
240-mm. Howitzer, Model of 


Studies of the rifling of the 
1918, made by the Ordnance 
Office resulted in the conclusion that a modification in the 
form of rifling was desirable. In order to reduce the radial 
effort caused by the wedge action of the fillet at the bottom 
of the driving side of the land it was decided to modify the 
old form of rifling as shown in Fig. |, rerifling to the form 
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shown in Fig. 2, the rerifling operation making necessary the 
removal of the metal shown in dotted cross section lines in 
Fig. 2. 

It is believed that the enlargement of the bore which was 
encountered on practically all of the Howitzers in proof firmg 
was due to the radial effort on the side of the land being too 
great. 


A number of Howitzers have been so modified and proof 
fired with the result that at no place along the bore was 
the enlargement more than .001 inch. Even this enlarge- 
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Old and_New Form Rifling for 240-mm. Howitzer, Model 


diameters 


enlargement was act ‘ 


ment did not exist where the four were average 
This would seem to indicate that the 
due to the wedge action of the fillet. 

The rerifling of these Howitzers presented a 
lem which would be more difficult if it necessary to com- 
pletely clean out the bottom fillet as the enlargement on the 
and in the amounted to as much neh 
the normal dimensions. The rerifling was accomplished 
by using three cutter blocks spaced 120 apart, 
cutter block earrving two rifling cut 

The set-up of the Howitzer in the rifling machine required 


difficult plod 
was 
l« ‘ . . < . 7 
lands grooves as Ul 
over 


degrees each 


tf 


ers. 


the utmost skill and attention in order to insure the correct 
travel of the cutters in the original grooves. Final proof of 
the set-up was made by inserting lead forms of the cutters 


in the tool holder of the rifling head then passing the rifling 
head through the Howitzer as in rifling. Any deviation from 
the correct following of the old grooves would be indicated 
by abrasions on the side of the lead form and corrections m 
the set-up could be made accordingly. 
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WAR DEPARTMENT SELLING PROGRAM 
=>) 


OCTOBER NOVEMBER 


Nov 7—Q. M. SUPPLIES—Chicago, 
Ill., Auction For catalog write 
Q. M. S. O., 1819 W. Pershing Road, 
Chicago, Ill. 

Nov. 10—Q. M. SUPPLIES—Schenec- 

Oct. 1O—MEDICAL SUPPLIES—New tady, N. Y., Auction For catalog 
York City, Auction. For catalog write Q. M. S. O., Ist Ave. & 59th 
write Surplus Property Sect., Office St., Brooklyn, N. Y. 


Surge Gener: Jashing » Oo . 
urgeon General, Washington, D. C. Nov. 14—Q. M. SUPPLIES—Camp 


Oct. 10—Q. M. SUPPLIES—Camp 
Grant, Ill, Auction For catalog 
write Q. M. S. O., 1819 W. Per- 
shing Road, Chicago, Ill 


Oct. 10-—AIR SERVICE SUPPLIES—~ Lewis, Wash., Auction. For catalog 
Carlstrom Field, Fla., Auction. For -- write Q. M. S. O., Ft. Mason, San 
catalog. write Commanding Officer, Francisco, Calif. 

Carlstrom Field, Fla Nov. 14—AIR SERVICE EQUIP- 
MENT—Long Island, N. Y., Auction 
For catalog write C. O., Air Serv 
ice Depot, Long Island, N. . A 





Oct. 12—FLOATING EQUIPMENT 
Port Newark, N. J., Auction. For 
catalog write Q. M. S. O., Ist Ave. & 
59th St., Brooklyn, N. Y. Nov. 15—Q. M. SUPPLES—Brooklyn. 

- N. Y., Auction For catalog write 

Oct. 17—Q. M. SUPPLIES—Camp Q. M. S. O., Ist Ave. & 59th St., 
Dix, N. J., Auction For catalog Srooklyn, N. Y 
write Q. M. S. O., Ist Ave. & 59th 
St., Brooklyn, N. Y. 





Nov. 16—M EDICAL SUPPLIES 
Philadelphia, Pa., Auction. For cata 
Oct. 19—POWER HOUSE EQUIP log write Surplus Property Sect., 
MENT—Rock Island Arsenal, Rock Office Surgeon General, Washington, 
Island, Ill. Sealed bids. For cata dD. Cc 
log write C. O., Rock Island Arsenal, Nov. 21—Q. M. SUPPLIES—Camp 





Rock Island, II. Knox, Ky. Auction a enteliens 


Oct. 24—AIR SERVICE EQUIP write Q. M. S. O., 1819 W. Pershing 


MENT—Montgomery, Ala., Auction. Road, Chicago, Ill 

For catalog write C. O., Air Reserve Nov. 28—Q. M. SUPPLIES—New Or 
Depot, Montgomery, Ala. leans, La., Auction. For catalog write 
Cc. O., Q. M. Surplus Property De 


e 


Oct. 27—MEDICAL SUPPLIES 
Washington, D C., Auction. For 
catalog write Surplus Property Sect., ~ ‘ . 

4 
Office, Surgeon General, Washington, DEC i M B | 4 R 
D. C 


pot, Atlanta, Ga. 


ec. 5 —-¢ M. SUPPLIES—San An 
Oct. 30—AIR SERVICE EQUIP ae. 5S. tigen lt 
tonio, Tex Auction For catalog 


MENT—Richmond, Va., Auction. For “3 
write Q. M. S. O., Ft. Sam Houston, 





catalog write C. O., Air Reserve De a 
San Antonio, Texas 








pot, Richmond, Va. = 
KECr A FiL® or AR 
PEPAICIMENT CATALOGS 








SEND FOR CATALOG c= SEND FOR CATALOG. 











The Government Reserves the Right ta Reject Any or All Bids 















































